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PRE ‘ACE

A large number of State and Federal experiment stations,
universities,  and Federal,  State,  and private resource manage-
ment organizations have participated in the USDA Forest
Service’s Integrated Pest Management Research, Develop-
ment and Applications Program for Bark Beetles of Southern
Pines (IPM Program) and in  Southern Region-sponsored State
demonstration projects since 1980. The objectives of both of
these accelerated efforts have been to more fully uti l ize avail-
able knowledge and to develop or improve and demonstrate
methods for detecting,  evaluating,  predicting,  preventing,  and
suppressing losses due to the five bark beetle species and
three tree-killing pathogens affecting southern pines.

Nearing the completion of the IPM Program, we thought it
appropriate to review and synthesize the results of the trans-
fer efforts of the IPM Program and the Southern Region.

Activities during the past 5 years have concentrated on
planning,  executing,  packaging,  and disseminating a substan-
tial amount of new or improved technology. This involved
individual and collective efforts of many Federal and State
pest management and forestry specialists as well as those of
representatives of Federal ,  State,  industry,  and university orga-
nizations who developed the technology or provided advice
on i ts  use.

The information presented here is for the benefit of those
interested not  only in the approach that  was used in technol-
ogy transfer but also in the results from a variety of transfer
activities across the South. The IPM Program and Southern
Region Forest Pest Management staffs are indebted to this
publication’s editors and the chapter authors for their contri-
bu t ions .
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I. INTRODUCTION TO TECliNOLOGY
TRANSFER IN INTEGRATED FOREST PEST

MANAGEMENT
BACKGROUNDANDAPPROACH

Gerard D. Hertel, Garland N. Mason, Robert C. Thatcher, and Susan J. Branham’

Occasionally, regional or national problems arise that
require and benefit from accelerated research and develop-
ment efforts .  Such programs are usually undertaken in response
to the need for more adequate technology to deal with a

specific issue. Large numbers of individuals in many disci-
plines and organizations are brought together to address the
topic of concern. Within the established time frame, research,
development, and applications activities are completed and
the new technology incorporated into operational programs
as rapidly as possible.

This report describes how one such accelerated effort pro-
vided more effective ways of dealing with a regional problem
involving five bark beetle species and three tree-killing dis-
eases affecting southern pine forests, and how this informa-
tion was del ivered to i ts  ul t imate users  through an aggressive
technology transfer effort .

BACKGROUND

In the early 1970’s, the southern pine beetle (SPB) was in
epidemic status across the South. Resource managers and
landowners expressed a need for new or improved means for
dealing with this  pest .  Robert  Long,  then Assistant  Secretary
of Agriculture, asked the U.S. Department of Agriculture’s
Cooperative State Research Service and the Forest  Service to
pool their resources to plan and undertake an aggressive
research and development program. Congress appropriated
funds for this purpose in fiscal year 1975, and the 5-year
Expanded Southern Pine Beetle Research and Applications
Program (ESPBRAP) was initiated in February of that year.

The next 5-l/2  years of the ESPBRAP significantly ad-
vanced our understanding of  SPB populat ions and the forests
in which they occur. Federal, State, university, and industry
special ists  worked together to provide new or improved meth-
ods for dealing with this major regional pest problem.

Continuing interest  and support  led to approval  of  a  second
5-year accelerated program in fiscal year 1981. The Inte-
grated Pest Management (IPM) Research, Development and

‘Respectively, Program Manager for Gypsy Moth Research, Northeastern
Forest Experiment Station, Broomall, PA; Project Leader, Northeastern For-
est Experiment Station, Morgantown, WV; Program Manager, and Writer-
Editor, IPM Program, Southern Forest Experiment Station, Pineville,  LA,
USDA Forest Service. The principal author was Applications Coordinator
and the second author Research Coordinator for the IPM Program when this
work was conducted.

Applications Program for Bark Beetles of  Southern Pines was
charged with completing and transferring the technology result-
ing from ESPBRAP and developing new or improved meth-
ods for dealing with a complex of bark beetles and tree-
killing diseases affecting southern pines. This complex com-
prises southern pine beetle, three species of Ips  engraver
beetles,  black turpentine beetle,  fusiform rust ,  annosus root  rot ,
and littleleaf disease. (For scientific names, see appendix I.)

IPM PROGRAM GOALS AND OUTPUTS

The Southern Region of the Association of State College
and Universi ty Forestry Research Organizations (now known
as the National  Associat ion of  Professional  Forestry Schools
and Colleges) and the Forest Service organized a planning
team in 1978 to identify current and future forest  pest  research
and application needs in the South. Their report was further
reviewed and commented upon by State, Forest Service,
consulting, and industrial representatives. A technical com-
mittee was subsequently appointed to develop a 5-year plan
that would guide the conduct of research, development, and
applications efforts. That document was, in turn, reviewed
by researchers, specialists, foresters, and administrators rep-
resenting the southern forest research and applications com-
muni ty .

The resulting plan was structured around six target areas.
Program management later described 17 measurable outputs
(see appendix II, item 1) and one or more research or applica-
tion final products for each output. The outputs were further
defined for each funded project.  An assessment was made as
to how these project  outputs  contr ibuted to the complet ion of
specific Program final products and to whom (specific user
groups) the completed technology should ultimately be
directed.

AUDIENCE IDENTIFICATION

The users of technology developed through the IPM Pro-
gram were defined primarily as owners and managers of pine
timberlands. Program management recognized early that it
was neither possible nor desirable for the Program to deal
directly with this  entire group. I t  was clear that  many forestry
organizations already had effective means for communicating
with their clients. The Program, therefore, targeted as its
direct  audience the State and Private Forestry Organization of



the Forest Service’s Southern Region. Secondary organic)-
tions included National Forest and other Federal a
regional offices, State forestry organizations, the  Coo
tive Extension Service, and major timber companies
pest management specialists. Their communication netw
capabilities permitted the Program to direct new techntrlo

p

to a fairly limited number of organizations who, in turn,
passed it on in original or revised form to a large number  of
landowners and managers in the South with whom they already
had professional contacts. This distribution system is illus-

trated  below:

Ex is t ing  Kno*ledge Southern Forest fExperiment Stat ion Research

F i g u r e  l - - F l o w  o f  n e w  t e c h n o l o g y  f r o m  t h e  IPM  P r o g r a m  t o  v a r i o u s  users  i n  t h e  S o u t h .

TECHNOLOGY TRANSFER APPROACHES organizations; participation in training and professional soci-

Several approaches were employed to provide research and
development results to transfer agents and, on occasion,
directly to forestry users. An abbreviated  but very effective
tneans of keeping a large audience informed on a very timely
basis was through the Program newsletters---the Southern
Pine Beetle News (ESPBRAP) and Pest Management News
(IPM). On the average, 4 to 6 newsletters were mailed out to

Z!,OOO-plus  readers each year. Other approaches included direct
user involvement in the planning and execution of R&D
projects;  the preparation of technology transfer plans as a part
of R&D proposals; involvement of R&D investigators in th&
technology transfer process (e.g. ,  involvement in technology
transfer teams, f ield and pilot  studies);  preparation,  packaging,
and  delivery of written and visual materials to specialists and

ety activi t ies;  and “hands-on” experience with computerized
information management and decision support systems as
well as involvement in the orpdnization  and conduct of dem-
onstrat ion projects .

Funded investigators submitted an applications plan as a
part of their original plan of work and budget (see example in
appendix III). In these plans, investigators interacted with
potential users and learned to recognize that the effective
transfer of knowledge from research to use involves six steps:
1) Defining the message (what do we want to say‘?);  2) defin-
ing the audience (with whom do we wish to communicate’?);
3) defining the objective(s) (why do we want to reach  the

2
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Figure 2-Planning for the transfer of knowledge from research to application.

audience and when?); 4) defining the working team (who will
be most effective in communicating the message?); 5) defin-
ing the media (what  methods of  communication wil l  be used?);
and 6) defining the evaluation criteria (was the transfer suc-
cessfully completed?).

User Involvement

As part  of the technology transfer plan,  investigators were
encouraged to identify the users or user groups to whom
research products would be directed and to involve them in
the planning and execution of the research.  This involvement
ensured that the final product would be “user compatible.” It
also greatly accelerated the technology transfer process because
little modification was required for immediate application
and users had confidence in the technology through their  own
involvement in its development.

Eincouraging  user involvement also resulted in closer work-
ing relationships among researchers who were themselves
often users of research products. It also allowed close
collaborat ion with Federal  and State pest  management special-
ists in plot selection, data collection, and interpretation of
resul ts ,  and i t  faci l i ta ted commitments  of  addi t ional  industr ia l ,
State, and Federal manpower and other resources to accom-
plish larger tasks that would otherwise be impossible with
limited resources.

3

Figure 3-Collaboration  between Federal foresters in plot selection
and data collection.

Invest igator  Research and Development  Act iv i t ies

In addit ion to involving users  direct ly in planning research
and development activit ies,  investigators were encouraged to



participate in local professional society activities, to chair or
participate in working group or technology transfer team
activi t ies,  or  to develop user-oriented audio-visual  programs,
publications, management guidelines, or other training aids
in order to accelerate the packaging and/or distribution of
results from each project.

i‘
Technology Transfer Teams r

Experience in ESPBRAP revealed that technology transfer &
teams can be effectively used to facilitate the exchange of 1
ideas, identify research results ready for transfer, devise
innovative approaches for developing and disseminating
information, and identify individuals most capable of carry- /:
ing out  these responsibi l i t ies .  To a lesser  extent ,  this  idea was i
used in the IPM Program. Technology transfer teams active ?
during ESPBRAP and the IPM Program are listed in appen-
dix II, item 2.

Preparat ion  and Packaging  of  Mater ia l s I

Often good information fails to reach an intended audience i
because it is not properly packaged. Program management in ’
ESPBRAP and IPM used many approaches to package or i
otherwise display and make available the results from research
and development activities. These are tabulated in appendix i ,
II, item 3.

A complete listing of USDA Forest Service publications
and visual aids developed with ESPBRAP, IPM, and S&PF
support is presented in appendix II, item 4. The availability
of these materials has been widely publicized in the profes-
sional  forestry media.  The Southern Region took responsibi l -
ity for distributing all Agriculture Handbooks and southern
pine beetle fact sheets; the ESPBRAP and IPM Programs
distributed Technical Bulletins, General Technical Reports,
and Program newsletters.

Some of the more applied Agriculture Handbooks have
been assembled in a three-ring, indexed binder titled the
“Forester’s Handbook for Reducing Bark Beetle and Disease-
Caused Losses in Southern Pines.” This notebook has been
distr ibuted to State,  industrial ,  and Federal  foresters,  and Fed-
eral and State pest management specialists. It has proven
very useful, and its widespread popularity has led to further
reproduction and distr ibution under the auspices of the National
Association of State Foresters through the Texas Forest
Service.

The IPM Program has given special emphasis to using
popular journals to reach southern foresters. A partial listing
of professional journals in which articles have appeared
includes the 
Applied Forestry, Forest Farmer, The Consultant, and For-
ests and People. (See specific references in appendix II, item
4.)

Figure &Handbooks, newsletters, technical bulletins, and fact sheets transfer results to the user community.



LA, in 1982). Team members also presented papers at sev-
eral national and regional symposia and workshops.

Information Management and Decision Support Systems

A broad array of computer models for assessing timber
growth, beetle and disease impact,  host-pest  interactions,  and
management actions was developed or assembled through the
two successive Programs. (A part ial  l is t  is  presented in appen-
dix II, item 5). The large number and complexity of models
and variation in their geographic applicability made knowl-
edge of their availability, access, and operation difficult for
users.  To heighten user awareness and encourage application
of the new technology, it was apparent that an urgent need
existed to properly package and streamline means for gaining
access to the systems. Several computer models were pro-
duced to make this information more accessible,  interpretable,
and user-friendly. These included the Integrated Pest Manage-
ment Decision Key, the Southern Pine Beetle Decision Sup-
port System, CLEMBEETLE, and ITEMS (Integrated Tim-
ber and Economic Management Simulator).

The Integrated Pest Management Decision Key (IPM-
DK) was independently developed by pest  management spe-
cialists in the Southern Region and Southeastern Station
(Anderson and others 1982), which contributed great ly to the
technology transfer needs of the IPM Program. The LPM-DK
is an interactive, user-friendly, microcomputer program that
lists pest management options for the southern pine beetle,
annosus root rot, fusiform rust, littleleaf disease, and other
tree pests. The program considers environmental factors,
economics,  geographic location,  pest  interactions,  and a vari-
ety of management options.  New information can be incorpo-
rated into the system as it becomes available without waiting
for final publication.

The Southern Pine Beetle Decision Support System
(SPBDSS) developed at Texas A&M (Saunders and others
1985) is an interactive mainframe computer system designed
to help decisionmakers use computerized and noncomputerized
information to solve relatively unstructured questions. This
system is capable of selecting and operating models in sev-
eral subject areas-impact, population dynamics, economics,
utilization, and stand growth and yield. Information provided
permits the manager to make better decisions concerning dif-
ferent management situations.

The SPBDSS can be used in a number of ways. It can
serve as a retrieval system to access data and models in
response to user requests. Any model can be accessed and
run independently. It can also be used to identify and select
model(s) that would provide information most applicable to
the user’s local situation. The user can then access, sequence,
and run the models of interest to obtain answers to his
questions. Finally, the DSS can provide automatic selection
and sequencing. After a question is asked, the DSS leads the
user through a series of  prompts,  selects  appropriate models,
asks for necessary input data, runs the models, and displays
the output. To date, 36 models dealing with southern pine
beetle population dynamics,  host  tree dynamics,  stand hazard
rating, economics, impact evaluation, and utilization have
been assembled and made available for the retrieval and model

Figure -‘The  Forester’s Handbook for Reducing Bark Beetle and
Disease-Caused Losses in Southern Pines.”

Training of  Specia l i s t s

As the end of the IPM Program approached, it became
apparent that there was a need to make State, Federal, and
Extension specialists  aware of the computer-  and noncomputer-
based models and procedures developed by researchers over
an &year  span of the two accelerated programs. A listing of
what were considered the most useful models by categories
was prepared (appendix II ,  i tem 5).  The physiographic regions
in which the models could be used were then identified. A
3-rin,g  administrative training manual was developed-“Pre-
dieting  Southern Pine Beetle and Disease Trends” (Mason,
Hertel, and Thatcher 1985)-that  contained a summary
(description, inputs, outputs, accessibility, sources of addi-
tional information) for each model. This served as the main
reference source for informal training of Federal and State
pest  management special is ts .  The notebook was updated semi-
annually and distributed to a broader audience in mid-1985.

Three formal training sessions were held in early 198~in
Geor,gia,  North Carolina, and Louisiana. A total of 22 special-
ists attended. Practical examples were used and, where
appropriate, each attendee had hands-on experience at a com-
puter terminal. Following the training, the specialists were
asked to use the information themselves, pass it on to others
in their States or areas of operation, and provide feedback to
developers for modification or improvement.

Participation in Professional Society, Association and
Landowner Meetings

The Program management team in both ESPBRAP and
IPM and cooperating State and Federal pest management
specialists have made an effort to highlight new technology
by developing and presenting displays with special  themes at
forestry-related meetings throughout the South.  A special  effort
has been made to reach foresters through their  annual State or
regional Society of American Foresters or forestry associa-
tion meetings (Texas, Louisiana, Mississippi, Southeastern,
and .Appalachian  Society of American Foresters) and one
SAF regional technical conference (held in Baton Rouge,



identification/ selection processes described. Twelve models
have been interactively webbed together for automatic pro-
cessing.

CLEMBEETLE was developed at Clemson University
(Hedden 1985) to simulate losses from bark beetles and the
effects of management practices on single or multiple stands
for periods as short as a year or as long as a rotation. The
program consists of a series of submodels for estimating the
probabil i ty of  southern pine beetle spot  occurrence,  the num-
ber of trees killed as a result of spot growth, the growth of
timber stands, and the effect of stand treatment on timber
growth and beetle impact. The program can be run on a
mainframe computer or on one of several microcomputers-
R,adio  Shack TRS 80, Apple II, or IBM-PC.

ITEMS untegrated  Timber and Economics Management
Simulator) is designed to simulate the performance of pine
stands under varied management regimes and beetle infesta-
tion levels (Vasievich and Thompson 1985). The model’s
primary application is to test the economic effects of such
management act ivi t ies  as  s i te  preparat ion,  s tand establishment,
partial cutting, harvesting, and type conversion. The model
projects the development of one or more stands over a period
of years and contains components for cost and revenue projec-
tions for various management practices as well as routine
accounting functions. Output is in the form of reports for
each year of simulation.

The Fusiform Rust Yield-Slash model (Nance and others
1985) was developed at the Southern Forest Experiment Sta-
tion to predict yields for unthinned slash pine plantations
infected with fusiform rust. The system is an interactive,
user-friendly, computer program that can be accessed on For-
est Service Digital or Data General computers. Rust mortality
functions were developed from data collected in six Southern
St#ates  and incorporated into an existing stand growth and
yield model, _Unthinned_Slash  and Loblolly  _Yields for cutover
&es  in the western  Gulf  (USLYCOWG). The model requires
rust  level  input  at  age 5 and predicts  t imber yields by diameter
class at rotation age. A similar model is being developed for
unthinned loblolly pine plantations infected with fusiform
rus t .

Demonstra t ion  Projec t s

The IPM Program sponsored demonstration projects in
Texas, Mississippi, Alabama, and South Carolina to provide
a means for transferring new technology to forest industry,
National Forests, consultants, and/or private, nonindustrial
landowners. In addition to these projects, the USDA Forest
Service’s Southern Region State and Private Forestry pro-
vided additional funds over a 3-year period (1981-83) to i
de,velop,  package, and deliver new or improved technology i
to landowners with small holdings in eight Southern States. :
All of these projects achieved a great deal in the area of tech- ;
nology  transfer and showed that the demonstration approach :
is ,a  very effective means for accomplishing it. The sections

that follow summarize work funded by both the Integrated
Pest Management RD&A Program and the Southern Region
to develop, package, and deliver new technology.
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II. TECHNOLOGY TRANSFER THROUGH
DEMONSTRABON  PROJECTS

HAZARD RATING STANDS FbR SOUTHERN PINE BEETLE
AND ANNOSUS ROOT ROT IN ALABAMA

James R. Hyland and Robert C. Kucera’

INTRODUCTION

The two major pests in Alabama’s pine resource are the
southern pine beetle (SPB) and annosus root rot (ARR).
Annual mortality resulting from SPB outbreaks has been val-
ued at an average of $8 million during the last 10 years.
Annual mortality due to ARR has been valued at $2.2 million
over the same period. ARR losses also include a 4 percent
growth reduction of live, infected trees, and this growth loss
coincidentally increases the SPB hazard. Management of the
State’s forests offers the best long-term approach for reduc-
ing these  losses .

The TREASURE Forest Plan is an approach designed to
help the Alabama Forestry Commission forester  or  ranger use
the latest technical information to assist forest landowners
with their management needs.  Special efforts have been made
to design the plan around a particular concept. The TREA-
SURE concept focuses on forest management strategies that
consider all resource values that are compatible with land-
owner objectives. These values include outdoor recreation,
timber, watersheds, esthetics, forage, environmental protec-
tion , and wildlife.

The plan also offers advantages to the forester when assist-
ing forest landowners. Being standardized, it enables the for-
ester to provide a consistent service regardless of variables
like career experience, landowners’ knowledge, and geo-
graphic location. Also, it encourages the forester to consider
all available resource opportunities and options. Greater
cooperation with other agencies and resource managers can
be enhanced through this broad approach. And, because of
computer capabilities, the forester has access to current data
on every aspect of forest  management.  Demonstration forests
have been one means of highlighting this overall TREA-
SURE concept.

The demonstration forests in Alabama are a cooperative
effort among the Alabama Forestry Commission (AFC), the
Extension Service, and the Soil Conservation Service (SCS).
There are 34 demonstration forests statewide totaling 19,578
acres and ranging from 140 to 2,000 acres. These forests are
used locally as training si tes for landowner conferences on all
aspects of forest management (fig. 1).

’ Respectively, Entomologist and Pathologist, Alabama Forestry Com-
misslon,  Montgomery, AL.

The’IPM  demonstration project on Alabama’s TREASURE
forests and private lands had seven primary objectives:

1.  Identify the best  SPB hazard-rating system for Alabama.
2. Use SPB hazard rating on demonstration forests.
3 . Determine the presence of and map ARR in recently cut

s tands .
4. Field test  the cubic-foot  ARR system developed by Alex-

ander at  Virginia Polytechnic Inst i tute and State Univer-
sity (VPI&SU).

5. Monitor SPB and ARR interactions.
6. Use SPB and ARR preventive control approaches in

TREASURE Forest Plans.
7. Package and deliver SPBIARR hazard-rating technol-

ogy to foresters, consultants, and landowners.

APPROACHES TO MEETING THE OBJECTIVES

Selecting the Best SPB Hazard-Rating System

The Alabama Forestry Commission fel t  that  demonstrat ion
forests were a good place to “get the word out” on hazard
ratings. To do this, two foresters were hired to hazard rate
each demonstration forest for SPB.

The necessary data were taken for six hazard-rating
systems-MS Hazard A (Kushmaul and others 1979; Nebeker
and Honea  1984); MS Hazard B (Kushmaul and others 1979;
Nebeker and Honea  1984); Sader Hazard (Sader and Miller
1976); P Hazard GA (Belanger 1985; Belanger and others
1981); TX Hazard (Mason 1985; Mason and others 1981);
and AR Hazard (Ku 1985; Ku and others 1981). Field data
were taken on a five-chain grid designed to pick up “pockets”
that might exist in a stand. The collected data were sent to
Mississippi State University (Nebeker and Honea  1984) for
analyses. At the same time, stands were rated for manage-
ment plan purposes by using the TX Hazard and Sader Haz-
ard systems. The TX Hazard system was used in the lower
Coastal Plain and the Sader system in the rest of the State.

After  2 years of  data collect ion and analyses by Mississippi
State University, one system was determined to be best for
Alabama. The Kushmaul B system was later modified by
Nebeker and Honea  (Mississippi State), and renamed “MS
Hazard B . ” It identified five hazard classes. In Alabama, the
revised system is called the Mississippi-Alabama (MS-AL)
system, but in Mississippi it is referred to as “Mississippi
Hazard B . ’ ’ Hazard classifications are obtained by calculat-

7



Figure I--Landowner field conference on forest and pest  management.

ing a discriminant score and determining which hazard class
is associated with that  score.

The MS-AL system uses the following inputs: 1) Pine
basal area/acre, 2) stand age 3) site index, and 4) total basal
are,a/acre.  The hazard classifications are obtained by calculat-
ing a discriminant score and determining which hazard class
is associated with that  score.

Score = 1.8342 (pine BA) + 0.4085 (total BA) + 0.705
(age) + 0.88 (site index) - 206.315.
:> 220 = Very high

168-219 = High
62- 167 = Medium
II- 61 = Low
< 10 = Very low

Hazard Rating the Demonstration Forests

Each demonstration forest was rated using the TX Hazard
and Sader Hazard systems and an overlap map of the SPB
and ARR ratings and recommendations to lower the hazard
rating of high-hazard stands were sent to the landowner.  These
data. were added to the management plan. The data will be
used for timber cutting, planning (priority setting), and moni-
toring potential SPB and ARK infestation sites. The demon-
strat ion area wil l  also be used to train other local  landowners.

Evaluating and Mapping ARR-Znfected  Stands

Nine of the 34 demonstration forests were selected to deter-
mine the best method for rating soils as high or low ARR
hazard. Information on 26 soil types was collected using a
tube sampler, SCS soil maps, and a combination of the sam-
pler and maps. These data were then analyzed to determine
the best method of classifying the soils.

Combining tube sampling in the field with hazard classifi-
cat ion based on SCS soi l  ser ies  descript ions was found to be
the best method for hazard rating soils. The tube sampling
was limited to verifying the accuracy of the SCS maps. The
soils were rated as high or low hazard based on internal
drainage and texture, mainly in accordance with the proce-
dure developed by Koenigs (fig.2).

In the case of  soi l  associat ions in which both high and low
ARR hazard soils were combined in a mapping unit. the
forester could rate the entire area as high or low ARR hazard.
In this study, soil associations having both high-and low-
hazard soils were classified as high AKR hazard. This was a
conservative approach that focused landowner attention on
prevention. It was felt that the absence of preventive action
where it might be needed could result in greater potential
los s .

As a result of this work, it was concluded that the best
method of hazard rating stands for ARR is to use the soil

8
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Figure 2-Annosus  root rot soil series legend classification key.
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maps and check them for accuracy occasionally with the tube
sampler. Foresters were also encouraged to become  familiar
with the soils in their working area.

Field Testing the Cubic-Foot Soil Sampling System

A technique has been developed at Virginia Polytechnic
Institute and State University to enable the forester to deter-
mine the actual level of annosus root rot infection and the
corresponding growth rate of infected trees. This has pro-
vided a basis  for  making stand management recommendations.
The cubic-foot ARR colonization system was evaluated in
thinned pine stands in Alabama (fig. 3). The data included
years since thinning, d.b.h.,  live crown ratio, 5-year  growth
increment,  and cubic-foot root colonization percentages.  Data
were taken using 20 cubic-foot samples per stand scattered
uniformly over the stand. At each plot, the following data
were collected: presence of ARRISPB,  ARR hazard accord-
ing to the texture of the top 12 inches of soil and internal
drainage, and data on four trees (d.b.h.,  radial  growth for last
5 years, height to live crown, and total height). Increment
cores were sent to VPI&SU  for analysis. At every other plot
(a total of 10 in each stand), a l-cubic-foot soil sample was
taken.  The number of healthy roots and total  number of roots
in this cubic-foot sample were recorded. These data were
then provided to Dr.  Sam Alexander at  VPI&SU for analyses.

Figure 3-Removal of cubic-foot soil s a m p l e  t o  d e t e r m i n e  p e r c e n t a g e
infection of pine roots by annosus root rot.

1 0

1

Some of the data from thinned stands were needed to deter-
mine growth as affected by ARR infection. Experience had
shown that as infection levels increase, growth rates differ
from those that would be expected.

It was concluded that the cubic-foot sample for determin-
ing the percentage of root infection was a practical sampling
approach. The cubic-foot sample was also found to be a
helpful diagnostic technique for trees that have no visible
conks .

Monitoring SPBIARR Interact ions

The presence and interact ions of  SPB and ARR in the same
stands were monitored. Locations of confirmed ARR were
mapped. High-hazard ARR sites were referenced to stands
hazard rated and/or infested with SPB. Conversely, medium-
to high-hazard stands for SPB or those actually infested by
the beetle were referenced to ARR hazard and presence. In
certain instances, for the purpose of making management
recommendations, SPB hazard ratings were increased to the
next more serious level on a site where ARR was present.
Hazard-rating maps were made a part of the management
plans on the demonstrat ion forests .

The monitoring will continue to be an ongoing effort by
the AFC and the results used to verify and update future

hazard ratings and management plans.

Using Preventive Techniques in TREASURE Forests

In any plan involving a pine stand, the forester is required
by the Alabama Forestry Commission to include SPB and
ARR hazard ratings and management recommendations. The
recommendations are standardized for consistency and the
records maintained on the AFC computer.

Packaging and Delivering SPBIARR Technology

Technology transfer has been accomplished through train-
ing sessions, the use of slide-tapes, magazine articles, TV
public service announcements, show-me sessions, and the
like. These have all been prepared and presented to train
foresters and enable them to include IPM prevention tech-
niques in their  management plans and to acquaint  landowners
with those techniques that will improve the success of their
efforts .

Training sessions have been provided to foresters and rang-
ers  in  each of  the 10 Commission dis tr ic ts .  Two sessions held
for industry and consultant foresters were attended by a total

* of 75 foresters. Dr. Evan Nebeker, Mississippi State Univer-
sity, and Dr. Sam Alexander, VPI&SU,  served as instructors.
Followup  sessions were held with dis t r ic t  and individual  com-
pany personnel.  (Industry sessions were cosponsored by the
Alabama Forestry Association.)

A 20-minute s l ide-tape on “Management  of  SPB and ARR”
was produced, with each district office provided a copy for
use during landowner t raining sessions in each county.

The Commission publishes a  magazine ent i t led “Alabama’s
TREASURED Forests, ’ ’ which is directed at the State’s
landowners. The Pest Management staff is responsible for
submitting two articles per issue The following articles on



SPBIARR have been published in the magazine thus far:
“Know annosus root rot and react quickly. ” (by Kucera);

1(1):18; 1983.
“Hazard rating-a strategy for battle against the beetle. ”

(by Hyland); 2(1):26-28;  1983.
“Control the southern pine beetle.” (by Hyland); 2(4);

1983.
“Southern pine beetle and annosus root rot  management.”

(by Hyland and Kucera); 4(1):17-18; 1985.
To promote the use of SPB hazard rating, a 30-second

public service announcement (PSA) was produced.  This PSA
was sent to the 24 TV stations serving Alabama. In general,
the PSA said: “ It takes 30 years to grow a pine tree, but in
only 30 days the southern pine beetle can destroy the tree.
This destruction can be prevented. Contact your local AFC
Office. ” The PSA won first  prize in the International  Associa-
tion of Business Communicators Annual Awards Presenta-
t ions .

During the last 2 years, each of the 34 demonstration for-
ests in Alabama has held at least one show-me type training
session on SPB and/or ARR. The at tendance for  each session
ranged from 50 to 100.

INFLUENCE OF THE DEMONSTRATION PROJECT
ON ALABAMA FORESTS

Spinoffs from the management plan recommendations were
directed at simplifying field foresters’ decisions and backing
them up with economic information. These efforts included:

1 .

2 .

3 .

4 .

5 .

6 .

Developing the “Annosus Root Rot Management Plan
for Alabama.”
Establ ishing a  demonstrat ion area in thinned pine s tands
using Phlebia gigantea in Houston County to prevent
the spread of ARR. An economic analysis was con-
ducted to demonstrate the value of preventing ARR in
stands treated with P. gigantea vs.  untreated stands.
Establishing a demonstration area in Anniston, where
three stands were treated differently: one as a control,
one with s tumps treated with borax,  and one with s tumps
treated with P. gigantea. Cost analyses of the different
treatments are underway.
Organizing a demonstration of the VPI&SU  sampling
technique in Alabama at  which interested pest  manage-
ment researchers and land managers were invited to
comment on object ives,  methods,  and underlying theory.
Conducting a statewide survey to determine the inci-
dence and severity of ARR.
Transferring the new or improved technology by inter-
nally updating AFC forest  management policy and incor-
porat ing SPB and ARR hazard rat ing into the computer-
ized TREASURE Forest Management Plans.

The success of this  demonstrat ion project  has changed the
general thinking of foresters from a “control SPB when it
attack:s”  attitude to a “prevent the attack and thereby reduce
losses” outlook. ARR thinking has changed from a “that’s
no problem” view to one of “we’d better do something.”

Pine stands that have been hazard rated (or will be rated)
will be monitored for SPB and/or ARR mortality in the future.
Data will be used to validate and update the hazard ratings.
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EFFECTS OF THINNING, IN REDUCING STAND RISK
TO SOUTHERN PINE BEETLE IN THE

GEORGIA PIEDMONT
Terry S. Price’

INTRODUCTION

Over the past 20 years, the Georgia Forestry Commission
(GFC) has pursued an aggressive southern pine beetle (SPB)
control  program that  has varied in intensity from year to year.
IDuring  the early 1960’s, more than 5.5 million board feet of
timber and 14,000 cords of beetle-infested wood were cut
and chemically treated by the Commission. In the last 11
years,  SPB outbreaks have increased in frequency and sever-
ity (fig. 1). Over 1.1 million cords of pulpwood and 195
million board feet of timber were salvaged during this period.
The outbreak that occurred in 1979 killed more timber than
previous outbreaks in the 1970’s (table 1).

The correlation between SPB losses and forest structure is
especially well illustrated by changes that have occurred in
the forest resource of the Upper Piedmont (fig. 2) during the
last two decades. Since 1953, the volume of softwood grow-
ing stock (trees less than or equal to 9 inches d.b.h.) has
increased by 122 percent, while pine sawimber volume (trees
greater than 9 inches d.b.h.) has increased 207 percent (table
2:).  These dramatic changes have resulted in a steady increase
in stand density. It is this high density of pine sawtimber in
combination with poor site conditions in the region that has
resulted in extensive timber losses to the SPB. Moreover,
dollar and volume losses of pine stumpage  in the region
between I972 and 1980 are the highest reported for any subre-
gion in the Southern United States, over $50 million or $2 per
acre per year in the susceptible forest area (table 1).

Aggressive State and Federal programs of bark beetle detec-
t ion and suppression have significantly reduced losses caused
by the SPB. However,  long-term reduct ions in losses to  these
insects can only be achieved by increasing the intensity of
forest management. Since nonindustrial private landowner-
ships account for over 4.6 million acres of susceptible pine
forests (loblolly and shortleaf)  in the Piedmont region of
Georgia,  the necessity for keeping these landowners informed
of the latest  technology and encouraging them to pursue man-
agement actions on a timely basis is quite apparent.

Activi t ies  such as thinning of  overdense stands and harvest-
ing of overmature pines can result in a reduction in severity
of future SPB outbreaks (Belanger and Malac  1980). Demon-
strating the value of thinnings in reducing pest impacts is
most  important .  Nonindustr ial  pr ivate  landowners  throughout
the Piedmont area of Georgia who have suffered severely:
from past outbreaks have traditionally been reluctant to rein-
vest in pine forestry. They have felt that no defenses were
available to them for warding off or preventing beetle
--__

’ Forest Entomologist, Georgia Forestry Commission, Macon, GA

outbreaks. Some landowners in the region have even liqui-
dated their pine stands as a means of alleviating the SPB
problem. Also, these pine stands have not been reforested;
instead,  poor,  low-quali ty hardwoods have claimed the si tes.

The main object ives of  the demonstrat ion prqject  ins t i tu ted
in Georgia were to show the nonindustrial private landowner
(NIPL) a way of coping with SPB outbreaks as an alternative
to clearcutting and, if possible, to compare two SPB hazard-
rating systems. Other objectives were to develop guidelines
for managing pine stands to reduce bark beetle-caused losses
and to carry out accelerated technology transfer activities.

APPROACHES TO MEETING THE OB.JECTIVES

Thinning Demonstrat ions

The basic approach used to demonstrate to the NIPL the
value of selective thinnings was to identify susceptible
loblollyishortleaf pine s tands throughout  the Piedmont  region
of Georgia.  These stands were chosen based on stand density,
species composition, tree size, and location. Each stand was
hazard rated by GFC entomologists using two rating sys-
tems-P Hazard GA (Belanger and others 198 1) and TX
Hazard (Mason 1979).

GFC foresters used the following marking guidelines:
1.  Remove as many fusiform rust-infected trees  as possible.
2. Favor loblolly pine over shortleaf.
3.  Remove as many overmature trees as possible in uneven-

aged stands.
4. Use selective marking; do not row thin in plantations.
5. Thin each stand so that the residual basal area (BA)

will be equivalent to the site index.
There was no charge to landowners for marking services.

The GFC foresters  recommended thinning pract ices that  mini-
mize stand damage.

A total of 27 stands located in 16 counties was thinned
during the project  ( table 3).  Over 10,000 cords of suppressed,
diseased, and highly susceptible trees were removed from the
27 stands by commercial  sale.  A wooden sign was erected on
each site to inform the public about the demonstration.

Each landowner appeared to be satisfied with the results of
the thinnings. SPB activity was not observed in any of the
thinned stands nor in any adjacent unthinned stands. Beetle
populations have been endemic throughout the region since
1980, except for a few isolated outbreaks that occurred in
overmature dense stands.

The two hazard-rating systems proved to be useful in deter-
mining a stand’s relative susceptibility to beetle attacks. The
Piedmont model  tended to rate  more in the moderate  category,
whereas the Texas model tended to rate more in the high
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Figure l-Number of southern pine beetle spots detected by aerial survey.

Table l-Southern pine beetle damage estimates in Georgia 7962, 1972-80’

C a l e n d a r
year2

E s t i m a t e d
v o l u m e  salvaged3

Cords M  t b m
T o t a l  v o l u m e  k i l l e d
Cords M  f b m

Stumpage  values4 T o t a l
P u l p w o o d S a w t i m b e r v a l u e
$/cords $iM  tbm $

1 9 6 2 0 0 1 ,785,2405 9 5 8 5.00 40 8,964,520
1 9 7 2 13,976 10,532 35,838 11,627 8.00 65 970,771
1 9 7 3 124,527 20,904 389,740 80,804 8.00 65 6,290,700

1 9 7 4 179,736 22,386 402,254 43,700 10.00 70 7,081.540
1975 46,413 7,441 52,665 7,643 15.00 70 1,324,985
1976 15,809 3,448 21,877 4,221 15.00 70 620,625

1977 5,814 481 15,915 636 15.00 107 306,777
1978 1,682 180 6,487 582 16.00 118 172,468
1979 390,285 71,592 542,991 105,054 18.00 147 25,216,776

1980 384,194 57,169 528,316 78,575 21 .oo 110 19,737,886

’ Information collected from State and Federal pest control specialists.
* Initial year based on available State records.
3 includes estimates on Federal, State, and private lands.
4 Estimates from State pest specialists: same values assigned to timber salvaged
’ Actual volume of timber chemically treated plus estimated volume killed with no

treatment.
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Figure 2-Broad geographic subregions in the State of Georgia

category. However, the stands rated (whether moderate or
high) needed to be thinned. The basal area prior to thinning
averaged 131 square feet per acre in the 27 stands (range 80
to 200).

Packaging of Management Guidelines

A manual entitled “Guidelines for Managing Pine Bark
Beetles in Georgia” was developed during the project
(Karpinski and others 1984).

The manual provides guidelines for predicting, evaluating,
and preventing bark beetle outbreaks, with the text outlined
so that  users  can develop management s trategies to sui t  their
own part icular  forest  condit ions and management goals.  Chap-
ter 1 highlights the history of SPB activity in Georgia and
correlates increases in beetle population levels with changes
in forest  structure.  The chapters on aerial  detection and ground
evaluation provide information needed to set priorities for
direct control. Procedures are given for ranking the suscepti-
bility of stands to beetle attack. Silvicultural practices are
recommended to lower the probabil i ty of  at tack in stands and
reduce losses should attacks occur. The last chapter was
designed specifically for industrial  and large NIPL’s to  enable
them to develop an integrated approach to managing pine
bark beetles.

Other Technology Transfer Activities

IFour  panel exhibits (Expo System), seven training pro-
grams, three demonstrations, and a field trip were carried out
during the project .  Approximately 3,750 people at tended SPB
prevention thinning and hazard rat ing demonstrat ion projects

1 4
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Table P-Changes in commercial forest area, sawtimber volume, and
growing stock from 1953 to 1982 in the Upper Piedmont

I t e m

Change for the period-

1953 -61  1961 -72  1972 -82  1953-82

F o r e s t  a r e a

_-_____________--___--- - -  percent----  __-____-_____________

S o f t w o o d

Sawtimber volume

2 0 3 -17 4

S o f t w o o d

Growingstock volume

3 2 9 9 1 7 2 0 7

S o f t w o o d 2 4 7 6 2 1 2 2

at various locations in the Piedmont. Several hundred pieces
of literature were distributed at each meeting.

Two portable exhibits to be used as training aids were
developed. One was a loblolly pine model (52 inches tall, 18
inches diameter) that was used to train resource managers in
bark beetle identification. The tree was displayed in Atlanta
for 2 days during Georgia-on-Parade activities. More than
1,000 people viewed the tree model, resulting in many
inquiries. The other exhibit was a 4- by 2-foot  scale  model
table display that illustrated an unmanaged loblollyishortleaf
pine stand and a well-managed loblol ly pine s tand.  This  exhibi t
was used for periods of several weeks at the Macon Museum

of Arts and Sciences and elsewhere. Both of these exhibits
will  be available for future meetings and conferences through-
out Georgia.

INFLUENCE OF DEMONSTRATIONS ON GEORGIA
FORESTS

Those involved in this project found that demonstrations
are a very important way to “sell” forest pest management
techniques in Georgia.  The project  enabled the GFC to empha-
size the identification and thinning of stands susceptible to
SPB attack and spot growth. Although the effects of the
thinnings may not  be immediately evident ,  the s tage has been
set to further the proper management of pine stands and the
reduction in beetle-caused losses in the State.

Immediate benefits of the project were:

GFC field foresters were exposed to the various hazard-
rat ing systems during the early stages of  the project  and
now consider stand hazard rating as part of the way
they do business .
Public awareness has been increased, and landowners
will now be alert to developing beetle problems.
Georgia landowners now know that clearcutting is not
necessary to halt  or prevent beetle outbreaks.  Hopefully,
the continuation of the project theme (thinning pine
stands to reduce or prevent losses) will  encourage them
to consider future timber investments in the State.
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C o u n t y Acres
S t a n d
type’

Hazard system
Species2 Age

P i e d m o n t T X  H a z a r d

B a l d w i n
B a l d w i n
Banks

C a r r o l l
Coweta
Co\Neta
Coweta
Coweta
Forsyth
F r a n k l i n
G w i n n e t t
H a r t
H a r t
H e a r d
H e a r d
H e n r y
Jasper
Jasper
Jasper
Jones

S p a l d i n g

Spalding
T a l b o t
Crawford
Crawford

4 0 N a t u r a l
4 0 N a t u r a l
9 9 N a t u r a l

6 N a t u r a l
3 6 N a t u r a l

T o t a l 1 , 3 5 4

2 0
2 0
2 0

4 0 P P
3 5 N a t u r a l
2 0 P P
6 0 P P
2 0 N a t u r a l
3 0 N a t u r a l
2 1 N a t u r a l
4 5 P P
2 0 P P
4 2 P P

2 0 0 P P
3 5 P P
5 0 P P

2 2 5 N a t u r a l
4 0 P P
5 0 N a t u r a l
7 0 N a t u r a l
4 0 N a t u r a l
3 0 PP/Nat

N a t u r a l
N a t u r a l
P P / N a t

2 7

M o d e r a t e
M o d e r a t e
M o d e r a t e

M o d e r a t e
H i g h
M o d e r a t e
L o w
M o d e r a t e
M o d e r a t e
H i g h
M o d e r a t e
M o d e r a t e
M o d e r a t e
M o d e r a t e
M o d e r a t e
M o d e r a t e
M o d e r a t e
M o d e r a t e
M o d e r a t e
M o d e r a t e
M o d e r a t e
H i g h

M o d e r a t e
M o d e r a t e
M o d e r a t e
L o w
L o w

M o d e r a t e
M o d e r a t e
H i g h

H i g h
H i g h
H i g h
M o d e r a t e
H i g h
H i g h
V e r y  h i g h
H i g h
M o d e r a t e
H i g h
H i g h
H i g h
H i g h
H i g h
V e r y  h i g h
H i g h
M o d e r a t e
V e r y  h i g h
H i g h

H i g h
H i g h
M o d e r a t e
M o d e r a t e
M o d e r a t e

LobiShtlf
LobiShtlf
L o b

L o b
L o b
L o b
L o b
L o b
L o b
L o b
L o b
L o b
L o b
L o b
L o b
L o b
Lob/Shtlf
L o b
Lob/Shtlf
L o b
LobiShtlf
L o b

L o b
L o b
Lob/Shtlf
L o b
L o b

2 8
3 1
P P  3 0
N a t  3 3
2 2
3 1
2 3
2 2
3 3
3 7
2 8
2 7
2 9
2 3
2 2
2 2
2 3
2 3
2 2
3 3
3 1
4 6
P P  2 5
N a t  3 4
3 3
2 6
4 2
2 2
1 9

-

Average
p i n e  B A

B e f o r e After

8 0 6 0
1 0 0 6 3
P P  1 6 0 9 0
N a t  1 2 0 8 0
1 2 0 9 5
1 6 6 9 6
2 0 0 1 1 0

9 5 7 5
1 3 3 1 0 0
1 4 6 8 5
1 3 0 8 5
1 6 0 8 0
1 1 8 9 0
1 2 5 9 0
1 5 2 1 0 5
1 2 3 9 5
1 7 2 9 6
1 4 0 8 8
1 2 0 8 0
1 4 4 8 5

9 2 8 2
1 2 3 8 2
P P  1 7 0 9 4
N a t  1 3 6 7 5
1 4 0 9 5
1 2 0 9 5

9 0 7 7
1 1 3 8 6
1 1 6 9 5

-

’ PP = planted pine stand
N a t  =  n a t u r a l  p i n e  s t a n d

z  L o b  =  loblolly  p i n e  s t a n d
Shtlf = shortlead pine
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METHODS OF DETECTING, SUPPRESSING, AND
PREVENTING SOUTHER Y PINE BEETLE LOSSES

IN MIS: IISSIPPI
William E. Lambert’

INTRODUCTION

The first recorded epidemic of the southern pine beetle

(SPB) in Mississippi occurred in 1952 in the southwestern
part of the State. An estimated 5 million cubic feet of timber
worth $450,000 was destroyed. Since that time, the area
affected by SPB has grown until all of the State supporting a
loblolly/shortleaf  pine host  type has been infested at  one t ime
or another during the intervening 33 years.

The volume damaged since the first epidemic has often
varied but the value of the timber has always increased (table

1). Today, a relatively small epidemic, in terms of area
affe:cted,  can be costly. Although Mississippi has lost a total
of S33.8 million dollars worth of timber to the SPB in that
first and subsequent epidemics, there has been a tendency
since to view this pest as an insect problem rather than a
timber management problem.

This prevailing view has led to a crisis management
approach to the SPB. During epidemic years, manpower,
time, and money are extensively expended in “controlling
the beetle.” This only treats  one symptom of a larger problem,
and once that symptom subsides, the problem is forgotten
until the next epidemic. During the years between outbreaks,
when prevention activit ies should be stressed,  the only refer-
ence to SPB is the question: “When do you think they’ll be
back?”

For all  the recent research that has achieved a better under-
standing of the SPB, its management and prevention, little of

this new knowledge and technology has been used. There has
been a continuing need to make the resource forester,  as well
as the forest landowner, more aware of currently available
information and technology and to demonstrate  i ts  usefulness .

A project to demonstrate recent developments in suppres-
sion and prevention tactics was begun by the Mississippi
Forestry Commission in 1980. Project objectives were to: 1)
Evaluate seven SPB hazard-rating systems and determine
which one would be most applicable for use in Mississippi,
2) develop demonstrat ions of  thinning as a means of  reducing
stand susceptibility to beetles, 3) demonstrate the utility of
commonly available farm equipment in salvaging beetle-
infested trees,  4) develop a series of videotapes with accompa-
nying “how-to” type publications to educate landowners and
forest  resource personnel on SPB and appropriate forest  man-
agement practices for preventing or reducing SPB-caused t im-
ber losses,  5) evaluate the usefulness of Agricultural  Stabil iza-
tion and Conservation Service (ASCS) lo- by lo-inch
black-and-white contact prints for aerial detection surveys
and hazard rating, and 6) demonstrate the value of LORAN-C
navigation equipment in conducting aerial surveys.

APPROACHES TO MEETING THE OBJECTIVES

Hazard Rating Evaluation

Several hazard-rating systems have been developed for vari-
ous parts of the Southeast. However, their effectiveness in
more than one geographic area has not been demonstrated.

Table l--Southern pine beetle damage estimates in Mississippi, 1971-80’

E s t i m a t e d Stumpage  value.9

C a l e n d a r volume salvaged3 T o t a l  v o l u m e  k i l l e d P u l p w o o d S a w t i m b e r
T o t a l
v a l u e

year’ Cords M  f b m Cords M  f b m $/cords $iM  fbm $

1971 0 3,000 0 3,000 0 . 0 0 50 150,000
1972 537 7,172 537 7,172 6.00 50 361,822
1973 579 7,229 579 7,229 8.00 50 366.062
1974 329 7,474 329 7,474 8.00 50 376,332
1975 488 9,600 488 9,600 8.00 60 579,904
1976 4,023 16,949 9,823 37,949 9.00 60 2,365,347

1977 8,597 8,651 13,409 15,670 8.00 115 1,909,322
1976 2,267 4,093 8,187 8,053 5.25 140 I,1 70,402
1979 40,246 13,799 108,540 29,784 9.00 155 5,593,380
1980 77,630 34,137 190,632 98,933 11.00 128 14,760,376

’ Information collected from State and Federal pest control specialists.
’ Initial year based on available State records.
’ Includes estimates on Federal, State, and private lands.
4 Estimates from State pest specialists; same values assigned to timber salvaged.

’ Forest Entomologist, Mississippi Forestry Commission, Jackson, MS.
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Consequently, 649 pine stands were hazard rated during the
summers of 1981, 1982, and 1983 to determine the degree of
effectiveness of 7 of these systems in Mississippi. One data
collection point was taken every 5 acres. The rated stands
were monitored by aerial photographs taken annually and
these were examined for evidence of SPB activity. Activity
discovered during the collection of the field data was noted
on the data sheets .

The first and second summer’s data from 5 11 stands were
collected from the general population of pine stands of suit-
able host  type.  Other selection cri teria were that  a stand must
have a minimum of 20 percent pine component and be in
private nonindustr ial  ownership.  Part  of  the second summer’s
data were taken in three counties in the northern, central, and
southern regions of the State, respectively, that had experi-
enced severe SPB problems in the past.

The third summer’s data were taken from random stands
that had SPB infestations present. Since the development of
the other hazard-rating systems involved taking a data point
from SPB infestations, an additional data collection point
was taken at  the origin of the spot in these infested stands,  I t
was also thought  that  the condi t ions at  the spot  or igin led (or
contributed) to the spot initiation.

Seven hazard-rating systems were evaluated. These sys-
tems were 1) ARKANSAS HAZARD (Ku and others 1981),
2) COAST PROB (Hedden 1985), 3) Georgia (Belanger and
others 1981)*,  4) and 5) Kushmaul A and B (Kushmaul and
others 1979), 6) Sader (Sader and Miller 1976), and 7) TEXAS
HAZARD (Mason and others 1981). The ARKANSAS,
COAST PROB, Georgia, Kushmaul A and Kushmaul B haz-
ard systems were modif ied by Mississ ippi  State  Univers i ty  in
order to make them more comparable. The interpretation of
the discriminant scores was changed to include five hazard
classes in those systems that did not have five classes. The
“micaceous red clays” variable in the Georgia system was
not used, since Mississippi does not have that soil type.
Kushmaul A and B were designated “Mississippi Hazard A”
and “Mississippi Hazard B.“3

Nebeker and Honea  in their  analysis of these data ( table 2)
found that of the seven systems evaluated, the ARKANSAS
and Mississippi Hazard A and B worked best on infested
stands and spots in Mississippi. Of these three systems, the
Mississippi Hazard B performed better on infested stands
than the ARKANSAS or Mississippi Hazard A and nearly as
well on infested spots.

Mississippi Hazard B did place 2 percent fewer infested
spots in the high-hazard category than either the ARKAN-
SAS or Mississippi  Hazard A system, rat ing 66 percent  of  the
stands high hazard compared with 68 percent for both of the
other systems. However,  i t  also placed 3 percent fewer infested
spots in the low-hazard category than Mississippi Hazard A
and 2 percent fewer than ARKANSAS HAZARD. Missis-
sippi Hazard B rated 3 percent low hazard, whereas Missis-

’ This hazard system has been replaced by the PIEDMONT RISK system
for use in Georgia.

’ Nebeker and Honea;  personal communication.
4 See footnote 3.

Table 2-Percentage  of infested stands and spots by hazard-rating
systems and hazard-rating class in Mississippi

Hazard class’

Hazard-rating system H i g h M e d i u m L o w

Mississippi Hazard B 46 66 58 32 6 3
Mississippi Hazard A 42 68 45 26 13  6
ARKANSAS 39 68 36 27 15 5
T E X A S 30  47 45 38 25 15
S a d e r 27 51 23 23 50 25
COAST PRO6 13 41  35 36 52 23

G e o r g i a 15 28 31  32 54 40

’ First column under each hazard class relates to percentage of infested stands;
second column under each hazard class relates to percentage of infested
spots at point of origin.

sippi  Hazard A and ARKANSAS rated 6 percent and 5 per-
cent low hazard, respectively.

Because the Mississippi  Hazard B system also has three of
its five variables (total basal area, pine basal area, and num-
ber of stems per acre) capable of being manipulated to reduce
a stand’s hazard, it was selected for rating stands in Missi-
ssippi .  The Mississippi  Hazard A system has only one of  two
variables (pine basal area) that could be manipulated and the
ARKANSAS HAZARD system has only two of four vari-
ables (total and hardwood basal area) with this capability.

The Mississ ippi  Hazard B system has been developed for  a
simple computer program that will run on the Apple II and
compatible microcomputers. With this capability, hazard rat-
ing will be included in the Commission’s future forest man-
agement plans, which will also consider SPB control as well
as other needed forest management practices.

General facts about hazard rating, what it is, how to use it,
and examples of two rating systems, using Mississippi Haz-
ard A and B, are explained in a videotape and an accompany-
ing publication entitled “Applying a Southern Pine Beetle
Rating System,” released by the Mississippi Forestry Com-
mission (see table 3).

Thinning Demonstrations

Although thinning (as a part of stand management) has
been recognized as a means for reducing SPB susceptibility,
many landowners are still reluctant to do any thinning on
their properties. To encourage thinning as a management
practice,  several  demonstrations were instal led across the State
in which stands were partially thinned. This resulted in a
potential for comparison of thinned versus unthinned areas.

It  was hoped that ,  in addit ion to the added benefi ts  of  more
and faster growth, some beetle infestations would occur on
these areas. If occurring in the unthinned portion, the prefer-
ence of the beetles for denser, slower growing stands could
be shown. If occurring in the thinned portion, the slower
growth of the infestation and the correspondingly reduced
damage could be demonstrated. Any SPB infestations that
occurred could likely be salvaged using commonly available
farm equipment. This would demonstrate to landowners that
in many cases they would not  necessari ly  be dependent  on a
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Table 3-Videotapes and publications developed for technology transfer in the Mississippi demon-
stration project

V i d e o t a p e  t i t l e

Forestry is Good
Business

Leave Tree Marking of
S u s c e p t i b l e  P i n e
S t a n d s

R e m o v i n g  C o m p e t i n g
Hardwoods

D e t e c t i n g  a n d
P r e v e n t i n g  t h e
S o u t h e r n  P i n e  B e e t l e

A p p l y i n g  a  H a z a r d
System for the
S o u t h e r n  P i n e  B e e t l e

C o m p a n i o n  p u b l i c a t i o n

Cultural Practices Are Good
Business

Leave Tree Marking of
S u s c e p t i b l e  P i n e  S t a n d s

Removing Competing Hardwoods
From Pine Stands

D e t e c t i n g  a n d  P r e v e n t i n g  t h e
S p r e a d  o f  t h e  S o u t h e r n  P i n e
B e e t l e

A p p l y i n g  a  S o u t h e r n  P i n e  B e e t l e
R a t i n g  S y s t e m

S u b j e c t

Costs/benefits of
m a n a g e m e n t  p r a c t i c e s

T h i n n i n g  a n d
c o m p e t i t i o n  c o n c e p t s
a n d  m e t h o d o l o g y

T h i n n i n g  t e c h n i q u e s

I d e n t i f y i n g
susceptible stands,
s p o t  d e t e c t i o n  a n d
l o c a t i o n ,  s e t t i n g
c o n t r o l  p r i o r i t i e s ,
s e l e c t i n g  t r e a t m e n t

S t a n d  h a z a r d  r a t i n g

pulpwood cutter or logger for salvage but could do the work
themselves. Even if the landowner did not want to go to the
trouble of  hauling the wood to a  yard,  i t  could be skidded to a
roadside or other easily accessible point  and sold from there.
In this way, the smaller or more inaccessible infestations not
ordinarily salvaged would be more likely to be controlled.

Because many landowners were unwilling to “tie up” their
property for the project’s duration or did not want to be
involved, only a few properties located in accessible or visi-
ble areas were available for use in this phase of the project.
Of these, only two were actually thinned due to poor market
conditions. No infestations occurred in either area, but infes-
tations in other stands were salvaged using farm equipment.
In these demonstrations, infested trees were cut and bucked
into manageable log lengths, then skidded to a roadside or
accessible loading point with*  logging chains and hooks or
logging tongs attached to a farm tractor drawbar.  Ford 4110
rubber-tired farm tractors were used for skidding.

Thinning and competition were covered in “Leave Tree
Marking of Susceptible Pine Stands” and “Removing Com-
peting Hardwoods. ” “Detecting and Preventing the South-

ern Pine Beetle” dealt with identifying susceptible stands,
detecting and confirming the presence of southern pine beetles,
evaluating infestations, setting control priorities, and choos-
ing a treatment method. The final  tape in the series,  “Applying
a Hazard System for the Southern Pine Beetle,” covered
hazard rating,  what i t  is ,  how to take measurements needed to
get a rating, and two examples of stand rating using two
different  systems.

Each videotape was accompanied by a “how-to” type publi-
cation (table 3). These corresponded to the tapes and served
as a reference for the viewer. All of these videotapes may be
purchased from the Mississippi State Cooperative Extension
Service.

Aerial Detection Using ASCS Photography
A great deal of landowner interest was generated in the

salvage demonstrations, and, on the whole, this part of the
project was a success.

Landowner Education and Technology Transfer

Much of the current knowledge on SPB management and
control  has not been widely used.  Thus,  to educate landown-
ers and forest  resource personnel and present the information
gained from this project, a series of five videotapes (table 3)
was produced. This series, entitled “Forest Management
Practices,” covered in each tape an aspect of forest manage-
ment tied to SPB management, prevention, or control.

The use of aerial  photos in detection surveys and in hazard
rating large areas has immense potential benefits in SPB
management. Aerial photos can increase the accuracy of
infestat ion plot t ing and thereby save t ime in ground locat ion.
In the Mississippi project, hazard rating of large areas could
only be efficiently accomplished using aerial photos due to
the t ime and expense involved.  This delineates the areas with
the greatest potential for infestations to occur, allowing the
concentration of survey efforts and other resources in areas
where benefits would be greatest.

The lead-in tape for the series was “Forestry Is Good
Business.” This program was intended to set  the stage for the
rest of the series by introducing landowners to various man-
agement practices, demonstrating their need, and pointing
out how they would be economically beneficial in the long
run with more monetary gain prior to and at harvest. Another
benefit was fewer beetle problems.

This phase of  the project  at tempted to accomplish i ts  objec-
tive using photography that was generally available. Black-
and-white contact prints from the Agricultural Stabilization
and Conservation Service were selected. For aerial detection
work, these photos were excellent. In comparison with stan-
dard sketch-mapping techniques that use l/a-inch- to l-mile-
scale highway maps,  the ASCS photos made i t  much easier  to
keep track of a posit ion and reorient should an observer become
lost. Since the photos conformed to natural terrain features,
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accurate  plot t ing was possible .  This ,  coupled with photo use
in ground checking,  avoided a great  deal  of  lost  t ime locating
inaccurately plot ted infestat ions and orient ing locat ions plot-
ted in map sections with few or no landmarks available.

‘The ASCS photos were taken for uses other than interpre-
tive analysis and their resolution is poorer than that of
mapping-quality photography, often resulting in a certain
amount of blur or fuzziness under magnification. Hence, their
usefulness in hazard-rating work proved to be limited, since
the intent was to take as much information from photos as
was normally taken from ground work. The relatively small
scale used in the ASCS photos, l/40,000  and l/58,000, made
measurements error prone and interpretation difficult. This
was further compounded by the fact  that  the photos were not
always taken during leaf-off condition, which is essential for
accurate dist inction between pine and hardwood stands.

Two of the hazard-rating systems compared in this project
were originally intended to be used in conjunction with aerial
photos to acquire stand information. However, neither of
these systems proved to be accurate enough for use in
Mississippi. (A system using gross measurements or stand
features could possibly be developed,  but  this  was neither the
intent nor the purpose of this project).

Electronic Navigation for Aerial Surveys

A LORAN-C electronic navigation unit was acquired dur-
ing the project  to demonstrate the value of  such equipment in
increasing aerial survey accuracy (Dull 1980). It made possi-
ble the reflying of the same flight lines, permitting a more
reliable evaluation of the progress of spot growth. In situa-
tions where the pilot also had to act as an observer and the
LORAN was tied into the autopilot, attention could be con-
centrated more on plott ing rather than being divided between
plotting and staying on flight lines. When detection surveys
were undertaken in remote areas and infestation levels were
low, the lat i tude and longitude of  spots  were determined with
the LORAN unit  ra ther  than by posi t ions plot ted on highway
maps or photos. Exact locations could thus be determined.

Some areas of the State that were surveyed under Spanish
land grants are nearly a jigsaw puzzle in the way the sections
are arranged in townships. These sections are of varying
shapes such as circular, triangular, or other nonsymmetrical
designs. In some cases, more than 50 to 60 sections exist per
township. In these areas, the use of a navigation unit like the
LORAN was the only way to establish flight lines that the
pilot could fly or refly.

Other Project Advities

Other activities of the Mississippi demonstration project
included use of the videotapes in training or other presenta-
tions.  Although their  use was somewhat  l imited due to delays
in receiving the accompanying publications, 12 sessions
involving f ield day presentat ions,  county forestry committees,
field personnel training, civic groups, and group displays
were presented. The audience attending these sessions totaled
498. Further use of these tapes and publications for land-
owner meetings and f ield personnel  t raining is  in the planning
stage.

INFLUENCE OF THE DEMONSTRATION
PROJECT ON MISSISSIPPI FORESTS

Although some of the objectives of the project were not
fully met, as a whole, they served to redirect the emphasis of
our program in some areas and refine efforts in others.  Missis-
sippi is now moving toward incorporating SPB hazard rating
in forest management plans. Whenever a timber stand is
cruised and evaluated for a management plan,  information on
its susceptibility to SPB will also be considered. Our insect
and disease report form is being revised so that an area con-
taining reported beetle infestations can be hazard rated and
that information made available to the landowner. Informa-
tion on hazard rating, SPB, forest management practices, and
their benefits relative to both SPB prevention and financial
goals is available to landowners and forest  resource personnel
in the form of videotapes and publications. Improvements in
aerial survey techniques have been incorporated into our annual
and presuppression surveys.

The present and continued use of the knowledge gained in
identifying stands susceptible to SPB, informing landowners
of beetle prevention and control  tactics,  and emphasizing the
value of sound forest management practices and improved
survey techniques will be of immense benefit to the State in
the future. These results will constitute an important step in
the direction of integrated pest management and away from
pest  control .

LITERATURE CITED

Belanger, R. P.; Porterfield, R. L.; Rowell, C. E. Ranking
the suscept ibi l i ty  of  natural  s tands in the Piedmont of  Geor-
gia to attack by the southern pine beetle.  In: Hedden, R. L.;
Barras, S. J.: Coster, J. E., coords. Hazard rating systems
in forest  insect  pest  management:  symposium proceedings;
1980 July 31-August 1; Athens, GA. Gen. Tech. Rep.
WO-27. Washington, DC: U.S. Department of Agriculture,
Forest Service; 1981:79-86.

Dull, C. W. LORAN-C radio navigation systems as an aid to
southern pine beetle surveys. Agric.  Handb. 567. Washing-
ton, DC: U.S. Department of Agriculture; 1980. 15 p.

Hedden, R. L. COAST PROB. In: Mason, G. N.; Hertel,
G. D.; Thatcher, R. C., compilers. Predicting southern pine
beetle and disease trends. Pineville, LA: U.S. Department
of Agriculture, Forest Service, Southern Forest Experi-
ment  Stat ion and Southern Region,  Forest  Pest  Management;
1985:76-78.  [Administrative training aid]

Ku, T. T.; Sweeney, J. M.; Shellbume, V. B. Hazard rating
of stands for southern pine beetle attack in Arkansas. In:
Hedden, R. L.; Barras,  S. J.; Coster, J. E., coords. Hazard-
rating systems in forest insect pest management: sympo-
sium proceedings; 1980 July 31 -August 1; Athens, GA.
Gen. Tech. Rep. WO-27. Washington, DC: U.S. Depart-
ment of Agriculture, Forest Service; 1981: 145- 148.

Kushmaul, R. J.; Cain, M. D.; Rowell, C. E.; Porterfield,
R. L. Stand and site conditions related to southern pine
beetle susceptibility. Forest Science 25:656-664;  1979.

19



Mason, G. N.; Hicks, R. R. Jr.; Bryant, C. M., V; Mathews,
M. L.; Kulhavy, D. L.; Howard, J. E. Rating southern pine
beetle hazard by aerial photography. In: Hedden, R. L.;
Barras, S. J.; Coster, J. E.,  coords.  Hazard-rating systems
in forest  insect  pest  management:  symposium proceedings;
1980 July 31-August 1; Athens, GA. Gen. Tech. Rep.
WO-27. Washington, DC: U.S. Department of Agriculture,
Forest Service; 1981: 109- 114.

Sader, S. A.; Miller, W. F. Development of a risk-rating
system for southern pine beetle infestations in Copiah
County,  Mississippi .  In:  Remote sensing of  earth resources:
proceedings of  the symposium; 1976 March 29-  3  1 ;  Tulla-
homa, TN. Washington, DC: National Aeronautics and
Space Administration; (5):277  -294; 1976.

20



INCORPORATING PEST MANAGEMENT TECHNOLOGY INTO
LAND MANAGEMENT DECISIONMAKING: HOLLY SPRINGS

NATIONAL FOREST, MISSISSIPPI
M. D. Connor,  D,  A. Starkey, W. A. Nettleton, J. Fort, S. Weaver, R. J. Uhler, and M. N. White’

lN1’KODUCTION

The Holly Springs Ranger  Distr ic t  (RD) of  the Holly Springs
National Forest (NE) consists of I28,300  acres. The District
experienced its first southern pine beetle (SPB) outbreak in
1979, which resulted in a total of 2,680 M tbm of pulpwood
and sawtimber being salvaged on an SPI3  suppression project
implemented in fiscal year 1980,  There is also a history of
annosus root rot (ARR) in the area: however, its total impact
is yet unknown. These circumstances, together with the
expressed interest of Holly Springs personnel, created an
opportunity to demonstrate the incorporat ion of  new pest  man-
agement technology into National lyorest  management prac-
tices.

To be extensively utilized, new pest  management informa-
tion must be readily accessible. Available information,
heretofore, had not been in a simple, easy-to-access package
for National Forest resource managers. Information such as
SPB spot data or the hazard rat ing of a part icular  stand had to
be requested through the Forest Pest Management (FPM)
field offices of the Forest  Service’s State and Private Forestry
organization. Control and prevention recommendations for
one pest sometimes conilicted with those for another (e.g.,
thinning stands to discourage SPB buildup could lead to
annosus root  rot  problems),  causing confusion and requiring
interpretation before a decision could be made. In”addition,
Southern Region National Forest computerized stand data,
the Cont inuous Inventory oT  Stand Condi t ions  (CISC),  had to
be requested through the Forest  Supervisor’s office,  thus pre-
venting a 19istrict  Forester from easily combining resource
information with pest  management irdonnation.  Consequent ly ,
many forest management decisions had to be made without
utilizing all the pest management information available.

The objective of the IHolly  Springs project was to demon-
strate the feasibility of incorporating existing and new pest
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LJSDA  Forest Service, Southern Region, Forest Pest Management,
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Computer Special&,  USDA Forest Scrvlce,  Southern Region, Forest Pest
Management, Atlanta, GA: and former Biological  Technician, USDA
Forest Service, Southem  Region, Forest Pest Management, Pineville,
LA, (currently County Forester, ‘l‘~xas  Forest  Serwce,  Pittsburg, TX).
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management technologies into National Forest land manage-
ment decisionmaking. Forest pest management technology
was to be made readily available through automatic data-
processing equipment, which would result in its more rapid,
expanded utilization.

APPROACH TO MEETING OBJECTIVES

Interactive Data Processing

At the beginning of  the demonstrat ion project ,  a  microcom-
puter was purchased for the FPM Field Office in Pineville,
LA. SPB recordkeeping systems, SPB spot growth models,
the IPM Decision Key (Anderson and others 1983,  and eco-
nomic models for  various pests  were placed on this  computer
and made available in an interactive format known as the
FPM System (fig.  1) .  A portable computer terminal  was placed
on the Holly Springs NF so that District personnel could
access these programs. They were also trained to access the
USDA Forest  Service computer  in  Fort  Coll ins ,  CO, to  direct ly
obtain CISC data.

An employee trained in both forestry and pest  management
and knowledgeable in computer use was placed in the District
office at Holly Springs to enhance communication between
District personnel and FPM. In addition, an effort was made
to include district personnel in all discussions that required
either forestry information or data collection for making a
pest management decision.

0. FINISHED

SPB INFORMATION SYSTEM

1. SPBIS DATA ENTRY
2. SPBIS SUMMARY
3. SPBIS SPOT PRIORITY

MISCELLANEOUS PROGRAMS

10. PRE-B/C ANALYSIS
11. B/C WITH AND W/O A PROJECT
12. TFS SPOT GROWTH MODEL
13. MESSAGE SENDER--NOT FOR GENERAL USE
14. LIST A FILE

15. EDITOR

INTEGRATED PEST MANAGEMENT-DECISION KEY

20. FOR THE MAJOR SOUTHERN PINES (WITH HAZARD RATING OPTION)
21. FOR THE MAJOR SOUTHERN PINES (WITHOUT HAZARD RATING OPTION)
22. FOR SOUTHERN HARDWOODS

Figure  l-Menu  for the FPM System interactive miCrOCOmputer

programs.
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Management Approaches for the Southern Pine Beetle 8C

 r isk rating.-h&.x  of bark beetle/si te/host  interrela-
t ionships across the South have led to identif icat ion of  certain
site/stand characteristics consistently associated with SPB
infestations (Coster and Searcy  1981). Based on this know-
ledge, predictive techniques (stand risk ratings) have been
developed to rate forest stand susceptibility to SPB attack.

Lorio and Sommers (1%  1) developed a two-phase SPB
stand risk-rating system for the Kisatchie NF in Louisiana
that utilizes CISC data. The system is called NF RISK. The
system was tested and then implemented on the Holly Springs
NF in 1979.

The f i rs t  version of  the NF RISK system uses a  FORTRAN
computer program, RISK, which accesses the ClSC  informa-
tion at  the USDA Forest  Service Computer Center.  I t  searches
five data fields-forest type, stand condition class, method of
cut, operability, and site index-and prints out a listing of
high-, medium-, and low-risk stands for an entire National
Forest Ranger District. Because CISC does not include data
on basal area, method of cut and operability were used as

general  indicators  of  s tand densi ty.
An improvement  in  the NF RISK system permit ted National

Forest  personnel  to include individual  s tand basal  areas in the
risk rating, as well as to update CISC stand risk ratings, as
new silvicultural  prescriptions were completed.  Thus,  an entire
Ranger District could be risk rated over a IO-year period
using actual field-collected data.

Flgure 2-Percentage of total regulated acres on the Holly Springs
National Forest by SPB risk class, as classified by NF
RISK, February 1985.

NF RISK was judged to be the best SPB hazard/risk rating
system for implementation on the Holly Springs RD because
of three factors: 1) It was designed for National Forests, 2) it
required no addit ional  data collect ion,  and 3)  the Holly Springs
NF has forest stand conditions similar to the Kisatchie NF.

were provided to FPM only after a spot was controlled and
offered little benefit to the District.

Summary program results comparing the CISC data for
Holly Springs and the Kisatchie revealed that while forest
type,  age distr ibution,  and stand condit ion classes were similar ,
there was a significant difference in average site index for
loblolly and shortleaf pine. Therefore, the site index parame-
ters in the NF RISK program were lowered. The resulting list
of high-and medium-risk stands seemed to accurately reflect
the areas where significant resource loss would take place if
SPB infestations were to occur. Respectively, 13, 17, and 70
percent of the stands on the Holly Springs NF were rated as
high, medium, and low risk (fig. 2). This information was
used to update the CISC data. The improved version of NF
RISK was also implemented. A supplement to the “Com-
partment Prescription Handbook for the National Forests in
Mississippi” was wri t ten to al low inclusion of  pine basal  area
and SPB risk rating based on field data on the CISC forms.
These risk c o d e s  serve as constant  reminders of  potential  SPB
problems in  these s tands.

After consultation with District personnel, an improved
information system (SPBIS) was devised for the micro-
computer. Some time-consuming data collection was deleted
and information added that would set priorities for spot con-
trol and generate summary reports required by Supervisor’s
Offices. This system, in combination with the terminal in the
District Office, allowed foresters to input and have immedi-
ate access to their SPB data (fig. 3).

SPB  Information System (SPBIS).-A computerized record-
keeping system had already been developed and revised sev-
eral times for use on National Forest Ranger Districts with
SPB suppression projects .  The purpose of  the system was to
provide informat ion on individual  SPB infes ta t ions  for  h is tor i -
cal  use and documentation of suppression costs.  These records
had heretofore been maintained on the Forest Service com-
puter at Fort Collins and were difficult to access. Records

SPBIS was initially field-tested on the Holly Springs, but a
1983 SPB outbreak in Texas allowed the first field testing of
the system under epidemic conditions. Because only minor
portions of the data were valuable to the Distr icts ,  SPBIS was
further modified so the records could be accessed with a
data-base management program (written by Robert Uhler,
USDA Forest Service, Southern Region). This allowed the
Districts to sort data and get totals on any information con-
tained in their records. It also enhanced user acceptance of
the system since information could be retrieved by location,
spot size, control date, control treatment, or other criteria,
and included volume totals. Since RECORD KEEPER’ can
be used to analyze the data in different combinations of spot
size, control treatments, and elapsed time for different con-
trol activities by spot priority, problem areas can be detected
without actually visiting spots. During technical assistance
trips, time can be spent discussing and visiting suspected
problem areas without having to rely on their accidental dis-
covery in the field.

* A computerized spread sheet program to be used with SPBIS

1
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I -
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I -
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/ -

A
High Medium

Risk Rat ing
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MO5 0021 Co 841CCIl A 10 841003 Y 18 90 90 s 841023 19 0 841106 s
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Figure  3-Example  of data listing from the Southern Pine Beetle Information System (SPBIS).

SPB  priority program:--In  conjunct ion with SPBIS,  another
computer program was written that accessed the District’s
ground check data and assigned a control priority. This pro-
gram was based on work by Bill ings and Pase (1979) and was
also field tested in Texas, especially on the Sam Houston
National Forest. It provides information on the number of
additional trees that will be killed in 30 days and the number
that will be actively infected in 30 days (Billings and Hynum

1980) (f ig.  4) .  This al lows the Distr ict  to concentrate on spots
that are most likely to grow,

program.-During SPB outbreaks, the
National Forest  Supervisor’s Offices often need data on either
the status of  control  efforts  or  the volume of t imber removed.
This information can be obtained by utilizing a program that
reads the necessary information from SPBIS and then summa-
rizes data for the report. Most Supervisor’s Offices have a
terminal or computer capable of accessing the FPM micro-
computer in Pineville, LA, so a status report can be obtained
at any time (fig. 5).

Munagement Approaches *for  Annosus Root Rot

ARK hazard ruling.--Hazard rating for ARR using soil
characteristics has been of interest since a southwide survey

found higher levels of ARR damage in thinned stands with
sandy soils than in those with loamy or clayey soils (Powers
and Verrall 1962). A workable hazard-rating method based
on a survey of  thinned plantat ions in Virginia was developed
by Morris and Frazier (1966) and further substantiated by
other researchers (Alexander and others 1975; Froelich and
others 1966). Survey work by the Southern and Southeastern
Forest Experiment Stations (Froelich and others 1977; Kuhl-
man and others 1976) identified a number of soil series that
often sustained severe ARR infect ions.

To utilize this soils information, a list of mapped soil series
on the Holly Springs RD was prepared using Soil Conserva-
tion Service soil series descriptions. Series were placed in a
generally decreasing order of sand content and increasing
clay content. Hazard rating was done according to methods
detailed in the research cited above (table 1). While the
method of hazard rating by soil series of Froelich and others

(1977) initially was judged best for the Holly Springs, the
hazard-rat ing method was later  modified to designate si l t  loam
soils as moderate hazard and add Smithdale as high hazard
(Mistretta and others 1983). Mylar overlays of district soils
maps were color coded to indicate high- and moderate-hazard
soil  series and the maps bound in a notebook (for  Distr ict  use)
that included a detailed explanation of the hazard ratings and
guidelines for using them (fig. 6). These mylar hazard maps
can be directly overlaid on stand maps during future prescrip-
tion processes and will be particularly useful because SPB
hazard from CISC files or the prescription process can be
easi ly coded on stand maps,  and hazard of  both SPB and ARR
directly compared. A composite map of the District showing
both SPB risk and ARR hazard was made for  use in planning.
During the hazard-rating process, District personnel were
shown the various hazard classes of soils in the field.

Disease status.-A survey of 23 thinned loblolly, shortleaf,
and mixed stands was made to provide the Distr ict  with infor-
mation about  the abundance,  dis tr ibut ion,  and impact  of  ARR.
The disease was found to be widespread and common in
loblolly stands (table 2) with damage mostly moderate. Less
than 10 percent of the shortleaf pine stands had evidence of
root rot. Fifty percent of the stands with both loblolly and
short leaf  had root  rot .  Survey results  indicate that  the disease
is most likely to cause problems in loblolly plantations;
however, as more shortleaf plantations are established and
thinned, ARR problems may increase for this species.

Annosus  sampling procedure (ASP) .-To provide the Dis-
trict with more specific information about root rot, a coopera-
tive arrangement was made with Dr. Sam Alexander of Vir-
ginia  Polytechnic  Inst i tute  and State  Universi ty  (VPI&SU)  to
field test the annosus sampling procedure. Four thinned lob-
1011~  pine plantat ions were selected for  sampling and 20 plots
of four trees were established in each. Trees were measured
for height, d.b.h.,  radial growth, and live crown ratio, and a
I -foot-square by l-foot-deep hole was dug at  10 sample points
and the pine roots removed and inspected for symptoms of
ARR. Percentage of infection was then calculated for the
plantations, utilizing root counts from all 10 samples (Alex-
ander and others 1985) (table 3).
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NATIONAL FOREST-13 RANGER DISTRICT-1

HIGH PRIORITY
---- -----w-o

SPOT RISK 30 DAYS
NO- COMP STAND SCORE ATK TRA

---- ---- ----- _---_ ________
0081 0051 ii"0  100 49 62
0073 0050 90 102 130
0074 0058 00 90 57 71
0080 0094 90

ii 90
38 50

0075 0046 33 43
0077 0034 00 80 17 23
0076 0005 00 70 23 31
0079 0041 70 18 25
2096 0094 0": 70 9 13

MEDIUM PRIORITY
---e-4  ------A_

SPOT RISK 30 DAYS
NO. COMP STAND SCORE ATK TRA

---= --I- --m-e ----- _---I---
0230 0002
0078 0082
2094 0099
0045 0073

E63 oo22
2002 0053:
2099 0099
2103 0094
2051 0093
0083 0071
2100 0068
2052 0022
2087 0010
2082 0010
2053 0009
2088 0008
2067 0099
2085 0069
2066 0067
2065 0067
0059 0081
2054 0008

LOW PRIORITY

---
-----me_

SPOT 30 DAYS
NO. COMP STAND SCORE ATK TRA

cd-- ---- ----- --___ --------
0056
2095

0037 ii 2 0 0
0099

2069
2097

0071 % 20 0" :
0069

2098 0068 00 :i 0" iii
0008 23 001

ATK = ADDITIONAL TREES KILLED
TRA = TREES REMAINING ACTIVE

Figure 4-Example  of computer output showing a priority listing for
spots that need to be controlled.

NATIONAL FOREST-13 RANGER DISTRICT-l
REPORTING PERIOD: 84/10/01  TO 85/12/31

TOTAL PULPWOOD MARKED. . . . . . .9
TOTAL SAWTIMBER MARKED . . . . . .1965
NUMBER OF SPOTS MARKED . . . . . .48

PULPWOOD SALVAGED. . . . . . . . .O
SAWTIMBER SALVAGED . . . . . . . .1861
SPOTS SALVAGED . . . . . . . . . .21
SPOTS TREATED (CUT/LEAVE). . . . .23
TREES TREATED (CUT/LEAVE).  . . . .3745
SPOTS GONE INACTIVE. . . . . . . .20
SPOTS TREATED (TOTAL). . . . . . .74

PULPWD MARKED BUT NOT TRT. . . . .8
SAWTBR MARKED BUT NOT TRT. . . . .97
SPOTS MARKED BUT NOT TRT. . . . .'2

DATE OF LAST FLIGHT. . . . . . . .85/02/26
SPOTS OBSERVED-LAST FLIGHT . . . .O
TOTAL NUMBER OF NEW SPOTS. . . . .87

Figure 5-Summary  of southern pine beetle control data obtained
f r o m  S P B I S .

To help validate this method, three l/20-acre  plots were
established in each plantat ion and al l  the t rees pulled out  with
a bulldozer. Each plot tree was measured and percentage of
root infection calculated from an examination of the totally
exposed root systems. These data, together with similar data
from all  over the South,  were used to develop the growth and
yield model GY-ANNOSUS (Hokans and Alexander 1985),
described below.

GY-ANNOSUS model.-To utilize the stand and ARR infec-
tion data, researchers at VPI&SU  modified a growth and
yield model for thinned loblolly pine plantations and desig-
nated the modification GY-ANNOSUS (Hokans and others
1985). The model predicts the cubic foot yield loss due to
root disease at  specified points in the future (fig.  7).  Infection
percentage and stand parameters obtained in the ASP were
used to drive the computerized growth and yield model.

Projected yield losses for the four plantations at the next
thinning (10 years after thinning) ranged from 5 to 15 percent
(table 3). Infection levels in these plantations ranged from 17
to 33 percent. All four plantations were on silt loam soils
(Lexington and Providence) that had initially been rated as
high hazard. Based on this level of infection and yield loss,
the hazard rating of silt loam in this area was reduced to
intermediate, as previously mentioned.

Economics of borax treatment.--To demonstrate the use
of the computer model “Economic Analysis of Borax Treat-
ment” (available as a separate program on the IPM Decision
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Table I-Annosus root roOt  hazard for soils series on the Holy Springs National Forest according to various workers and as used in the Wegrated
Pest Management DemonstraOon  Project

Soil series
Morris and F r o e l i c h  e t .  a l .  1 9 6 6

F r a z i e r  1 9 6 6 A l e x a n d e r  e t .  a l .  1 9 7 5
K u h l m a n  e t .  a l .  1 9 7 6
F r o e l i c h  e t .  a l .  1 9 7 7

M i s t r e t t a
e t .  a l .  1 9 6 3

H a z a r d  r a t i n g
a p p l i e d ’

A s  m o d i f i e d
or interpreted*

Eustis
L u c y
T r o u p
McLaurin
S m i t h d a l e
Ruston
J e n a
B i b b
O c h l o c k o n e e
Maben
M a n t a c h i e
O a k l i m i t e r
Sweatman
T i p p a h
L e x i n g t o n  ( l o e s s )
C h e n n e b y
Dulac (loess)
B u d e
C a l l o w a y
C a s c i l l a
P r o v i d e n c e
G r e n a d a
Loring  (loess)
G i l l s b u r g
Falaya (loess)
A r k a b u t l a

H i g h
H i g h
H i g h
H i g h
H i g h
H i g h
L o w
L o w
L o w
L o w
L o w
L o w
L o w
L o w
I n t e r m e d .
L o w
I n t e r m e d .
L o w
L o w
Intermed.
I n t e r m e d .
Intermed,

H i g h
H i g h
H i g h
H i g h
H i g h
High
L o w
L o w
L o w
L o w
L o w
L o w
L o w
L o w
L o w
LOW
L o w
L o w
L o w
L o w
L o w
L o w

L o w
L o w
L o w

L o w
L o w
L o w
L o w

-
’ This  scheme was used as a starting point and soil hazard maps were coded accordingly.
2  Based on our field surveys, we feel this more accurately represents the hazard.
3  Based on a report (Mistretta and others 1983) of damage in 4 of 5 stands surveyed on this soil on the Bankhead  National Forest, Alabama.

H i g h
H i g h
H i g h
H i g h
-

H i g h
-
-
-
-

-
-
-
-
High3
-
-
-
-
-

-
-
-
H i g h
-
H i g h
-
-
H i g h
H i g h
-
H i g h
-
H i g h
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Compartment 26
Soil Map 3 of 3
Scale: 4” = I mile

L e g e n d
1 2 2 0 0  2 0

8 3 2 0 0  3C2

8 4 2 0 0  4C2

6 4 2 0 0  4 0 2

6 4 2 0 0  4E2

H i g h
H i g h
H i g h
H i g h
H i g h
H i g h
L o w
L o w
L o w
L o w
L o w
L o w

H i g h
H i g h
H i g h
H i g h
H i g h
H i g h
L o w
L o w
L o w
L o w
L o w
L o w
L o w
L o w
I n t e r m e d .
L o w
I n t e r m e d .
L o w
L o w
I n t e r m e d .
I n t e r m e d .
L o w
I n t e r m e d .
L o w
I n t e r m e d .
L o w

L o w
L o w
H i g h
L o w
H i g h
L o w
L o w
H i g h
H i g h
L o w
H i g h
L o w
H i g h
L o w

Jena silt loam (flood plain)

Lexington silt loam, O-8 % slopes, eroded

Smithdale sandy loam, 0 -8 % slopes, eroded

Smithdale sandy loam, 8-15% slopes, eroded

Smithdale sandy loom, I5 - 20 % slopes, eroded

Good motor road

Property boundary

Perennial stream

Intermittent stream

High hazard to annosus root rot

Intermediate hazard to annosus root rot

Figure  6-Annosus  root rot hazard map



Key), data were collected from four loblolly stands marked
for their  f irst  thinning. After stand parameter input,  the model
predicts a percent return on investment (in borax treatment)
after taxes (table 4). Utilizing yield-loss percentages gener-
ated by GY-ANNOSUS results in a relatively accurate read-
ing of the output tabls (fig. 8).

Other Approaches

IPM Decision Key,-The  IPM  Decision  Key, written by a

team of  entomologis ts  and pathologis ts  and a  s i lv icul tur is t ,  i s
an interactive program designed for a microcomputer. Ques-
tions are asked that require forest stand data and short-term
management plans. A list of management recommendations

is then provided for SPB, pales weevil, fusiform rust, ARR,
pitch canker, and littleleaf disease.

This program was already developed at the time the Holly
Springs demonstrat ion project  was ini t iated.  The project  objec-
tive was to determine how applicable the Decision Key was
to National Forests. The major concern of field foresters was
that, for use in compartment prescription writing, more spe-
cific information was needed. For instance, one recommenda-
t ion on high-hazard annosus si tes  is  to increase spacing in the
next plantation. Specific information is needed in the com-
partment prescription on the required spacing for planting.  In
some cases (such as this one), research information is not
available, but, if this option is chosen, the District foresters
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Figure 7-Output table from GY-ANNOSUS.
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i 2 . 2 6
1 6 . 9 0

7-C)  T:3L - . .-‘L
23.()3
-=  “ 9id. L
27 4.2
2 8 . 9 5
3 0 . 4 8
3 1 . 8 6

ElST  I MA-I-ED FUTURE F’R  I CE = 0 16. ~~/C0l?DS
E S T  IMATED  ANNIJAL. GRCIWTW  R A T E  = 3.56%
ESTIMATED  COST  OF T R E A T M E N T  =  % 22.19/ACFiE

Figure E--Output table from economic analysis of borax treatment.
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Table 2-Characteristics  of thinned stands surveyed for annosus root rot on the Holly Springs National Forest

-

C o m p a r t m e n t / s t a n d S p e c i e s
.--___  -

8118 L o b l o l l y
29/l  5 L o b l o l l y
7 2 1 7 L o b l o l l y
9 9 1 2 L o b l o l l y
00/l L o b l o l l y
14119 L o b l o l l y
2811 L o b l o l l y
2 9 1 2 2 L o b l o l l y

10114 S h o r t l e a f
12/12 S h o r t l e a f
14/21 S h o r t l e a f
1915 S h o r t l e a f
4 6 1 2 2 S h o r t l e a f
59/l  0 S h o r t l e a f
77/l S h o r t l e a f
7 7 1 2 4 S h o r t l e a f
89110 S h o r t l e a f

106/12 S h o r t l e a f
106120 S h o r t l e a f

10/19 M i x
1 3 1 1 0 M i x
1 3 1 2 0 M i x
44/2 M i x

App rox .
years
since

t h i n n i n g AAR

Conks
W i n d t h r o w

M o r t a l i t y
S t r i n g y  r o t

Damage’
l e v e l

5 Yes
4 ?
5 N o
5 N o
4 Y e s
6 Yes
5 Yes
5 Yes

5 N o
7 N o
7 Yes
5 N o
9 N o
4 N o
7 N o
7 N o
9 N o
7 N o
5 N o

6&l Y e s
7 ?
7 ?

1 0 Y e s

xxx0
oxxo
0000
0000
xxx0
xxxx
xxxx
xxxx
0000
0000
oxxo
0000
0000
0000
0000
0000
0000
0000
0000
xxx0
oxxo
oxxo
xxxx

M o d e r a t e
L i g h t

N o n e
N o n e

M o d e r a t e
M o d e r a t e
M o d e r a t e
M o d e r a t e

N o n e
N o n e

M o d e r a t e
N o n e
N o n e
N o n e
N o n e
N o n e
N o n e
N o n e
N o n e

M o d e r a t e
L i g h t
L i g h t

M o d e r a t e

App rox .
soil texture

S i l t  l o a m
S i l t  l o a m
S i l t  l o a m
S i l t  l o a m
S i l t  l o a m
S i l t  l o a m
S i l t  l o a m
S i l t  l o a m

S i l t  l o a m
S a n d y  l o a m
S a n d y  l o a m

S i l t  l o a m
S i l t  l o a m
S i l t  l o a m
S i l t  l o a m

C l a y  l o a m
S i l t  l o a m

S a n d y  l o a m
S i l t  l o a m

S i l t  l o a m
S a n d y
S a n d y

S i l t  l o a m / s a n d
___-l_l---i-. ..- -.- _..~___..

’ N o n e  =  n o  n o t i c e a b l e  d a m a g e  f r o m  ARR
Light = little evidence of ARR: a few dead trees present,
Moderate = A few to several infection centers of 1-3 trees; occasional windthrows and/or broken stems on ground.
Severe = several to many infectton centers with >3 trees: many windthrows and/or broken stems on ground.

must decide on planting density and include it in the prescrip-
t ion .

Thinnirlg  priorif?  prcr~rom.--  - This computer program was
developed for the microcompurcr-  (by Ibrester  Brent Botts of
the IIolly Springs KD)  to determine commercial thinning prior-
ity for work not complctcd  during the  scheduled year. The
program considers the following stand variables: basal area,
average stand d.b.h.,  volume,  age, site index, access, method
of harvest, and ARK hazard. Bach  variable is then weighed
based on its importance in determining the thinning priority.
The implementation of this method resulted in an estimated
savings of $570 to the District and also improved use of
personnel. Since the program concept was developed by a
forester, it provides an excellent example of the acceptance

and integrat ion of  pest  management considerat ions along with
forest  s tand condit ions in  the decis ionmaking process .

TECHNOLOGY TRANSFER TO OTHER
NATIONAL FORESTS

As previously described, the computerized system of record-
ing (SPBIS) and tracking SPB spots was field tested on the
National Forests in Texas. It has since been implemented on
all seven Districts in the State, on three Districts of the
Kisatchie NF, and on three Distr icts  of  the National  Forests  in
Mississippi. Before the end of 1985, SPBIS will probably be
implemented on at least four more National Forest Districts
in Louisiana and Mississippi. Two noticeable advantages of

Table %=-Stand  parameters, percent infection, and percent yield loss (predicted by GY-ANNOSUS) of thinned
loblo//y  pine plantations on the Holly Springs National Forest infected with annosus root rot.

C o m p a r t m e n t / s t a n d Age

B a s a l
a r e a

M e a n
d . b . h .

M e a n
h e i g h t

S i t e
i n d e x

base age 25
P e r c e n t
i n f e c t e d

Yield loss
(%) 10 yrs
after first
t h i n n i n g

8118 3 0 8 6 9 . 8 6 2 5 6 3 3 1 5
1 4 1 1 9 3 3 1 2 0 1 0 . 0 6 2 5 3 5 5
2 8 1 1 3 0 8 8 9 . 8 6 1 5 5 1 9 9
29122 2 6 8 2 1 0 . 4 5 8 5 7 1 7 1 0



Table 4--EstKnated  percent return on investment in borax treatment at the next harvest for four loblolly pine stands
on the Holly Springs National Forest, assuming infection with annosus root rot occurs at previously
measured levels.

Percent stems Percent return
S i t e m a r k e d

C o m p a r t m e n t
(harvest in 10 yrs.)

Stems/ M e a n M e a n i n d e x for after taxes
p a y  u n i t Age a c r e d . b . h . h e i g h t base age 50 r e m o v a l (5-l 5% yield loss)

-1-

12012 26 380 8.7 60 93 43
82/5A 28 340 Ei.8 57 95 41
82158 2 9 300 9.6 76 114 57
66/19 1 9 540 8.5 58 127 56

Pulp S a w

6-18 31-46
6 - 1 9 3 2 - 4 1
4-12 24-38
2-14 26-41

the computerized SPBIS are: I) It has been well received on
all of the Forests, and 2) the data appear to be. more  accurate

than is the case with previous data-collection systems.
Prior to this project, only the Kisatchie NF had imple-

mented risk rating. Since this pryject’s  initiation, NF RISK
has been implemented on National Forests in Mississippi,
Texas, and Alabama (Nettleton 1983).

The annosus sampling technique and GY-ANNOSUS
appear to b e  useful  tools  for  providing information to  the land
manager on infection levels and potential growth loss due to
this disease. In addition, they complement the program
“Economic Analysis of Borax Treatment” by providing esti-
mates of yield loss. This technique, used with success on
private land in Alabama md  on Federal  land in South Carol ina,
wi l l  soon b e  implemented on other  Nat ional  Forests  in  Missis-
sippi and on the Bankhead  National Forest in Alabama. ARR
hazard rating has been accomplished for both the Bankhead
NF in Alabama and the Sam Houston NF in Texas and is
being implemented on other Mississippi National Forests.
Efforts are underway to make  this new technology available
through a fact sheet and an annosus root rot slide-tape pro-
gram that  includes the annosus sampling procedure.  Plans are
underway to incorporate GY-ANNOSUS in FPM’s  interac-
tive computer system to make it easily available to land
managers.

INFLUENCE OF THE DEMONSTRATION PROJECT
ON THE NATIONAL FORESTS IN MISSISSIPPI

‘The Holly Springs NF demonstration project was highly
successful in incorporating forest  pest  management practices
in forest management decisionmaking. SPB and ARR hazard
rating have been included in the compartment silvicultural
prescription process, which allows pest management consid-
erations to be applied at the time when stand management is
planned for the next lo-year period.

Implementation of technology important in managing pest
outbreaks was also successful. Guidelines for determining
priorities were implemented for the removal of SPB spots
during a severe epidemic, and the SPBIS program was modi-
fied to fit the needs of the Holly Springs NF. New techniques
for evaluating ARK and predicting damage were field-tested
and demonstrated to district personnel.

Technology found applicable on the Holly Springs project
was subsequently implemented on National Forest land in
Texas, Louisiana, Mississippi, and Alabama and on Federal
land in South Carolina. Expanded implementation is planned
for Mississippi and Alabama National Forests. Support and
acceptance of the technology were a direct result  of the expo-
sure provided by this project. Important to its success were:
1) Establishment of a close working relationship with District
personnel, 2) presentation of information in a format useful
to the practitioner, and 3) easy access to the information
needed to make resource management decisions.  Future tech-
nology transfer efforts in the Southern Region will continue
to build on these elements and the relationships developed
during this demonstration project.
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DEMONSTRATING THE FFICACY OF THINNING FOR
REDUCING SOUTHERN PINE BEETLE IMPACTS IN NORTH

CAROLINA
Coleman Ooggett’

lNTHOJ9UCTlON

Epidemics of the southern pine beetle (SPB) have
been known to occur at irregular intervals in North Caro-
lina since the mid-l 700’s  (Price and Doggett 1978). Dur-
ing the most recent epidemic, which occurred between
1960-76,  an estimated 1,340,914  cords of pulpwood and
606,850 M fbm sawtimber valued at nearly $39 million was
killed by the beetle (table 1).

Around 19.5 million acres of North Carolina is in commer-
cial timberland, or approximately 63 percent of the State’s
total acreage. Of this, over 6.5 million acres is in pine type
susceptible to SPB attack. The ownership pattern of this
resource is of interest. About 5.2 percent of North Carolina’s
commercial forest land is contained in the National Forest
System; 10.9 percent  is  owned by forest  industry;  3.8 percent

is owned by other public agencies; and a sizable 80.1 percent
is owned by some 250,000 private individuals.

The variety of interests, abilities, and assets of private
owners makes a unified, well-coordinated approach to pest
management difficult. Experience has shown that while these
landowners are certainly more interested in SPB control dur-
ing outbreak periods, they are not willing to adopt measures
to al leviate future outbreaks.  Consequently,  private nonindus-
trial landowners were the targeted audience for a demonstra-
tion on how SPB incidence and impact  can be reduced through
application of current technology.

Analysis of current technology reveals that the impact of
SPB is influenced by a number of factors, most of which the
landowner cannot control. For instance, soil type, species,
and stand density have been identif ied as factors influencing
beetle activity (Hicks 1980). The land manager, however,

Table l--Southern pine beetle damege  estimates in North Carolina, 1960-80’

C a l e n d a r

E s t i m a t e d

volume salvaged3 T o t a l  v o l u m e  k i l l e d

Stumpage  values?

P u l p w o o d S a w t i m b e r
T o t a l
v a l u e

year* Cords M  f b m Cords M  f b m $/cords $lM  fbm $

1 9 6 0 0 0 0 2 0 0 5.00 3 5 7,000

1 9 6 1 0 0 0 5 5.00 3 5 1 7 5

1 9 6 2 1 0 , 0 0 0 5,000 20,000 1 0 , 0 0 0 5.00 3 5 450,000

1 9 6 3 20,408 10,121 24,008 11,921 5 . 0 0 3 5 537,275

1964 5,565 47,740 6,565 5,740 5.00 3 5 233,725

1 9 6 5 28,108 1 9 , 2 8 1 4 3 , 1 0 8 3 1 , 2 8 1 5.00 4 0 1,466,780

1 9 6 6 28,758 26,485 32,758 29,485 5.00 4 0 1,343,190

1967 2,676 2,008 4,876 3,508 5.00 4 0 164,700

1 9 6 6 26,037 10,776 56,037 20,776 5.00 4 0 1 ,111,225

1969 35,867 15,197 65,867 30,197 5.00 4 0 1,537,215

1970 26,579 16,558 51,579 31,558 5.00 4 0 1,520,215

1971 6,388 6 0 0 7,388 6 1 0 5.00 4 5 64,390

1 9 7 2 3 1 , 4 1 5 8,622 32,615 1 1 , 1 2 2 6.00 8 0 1,085,450

1 9 7 3 7 9 , 4 1 4 4 1 , 5 7 3 1 3 8 , 6 1 4 73,573 6.00 8 0 6,717,524

1974 198,331 82,949 353,331 147,949 6.00 5 0 9,517,436

1975 213,004 92,160 401,004 164,160 6.00 5 0 lo,61 4 ,024

1976 77,615 26,248 103,164 34,771 6.00 5 0 2,357,534

1977 53,665 6,169 78,740 9,195 7.35 1 0 0 1,498,239

1978 3 7 0 5 3 7 2 0 7.25 9 7 5,833

1979 1,578 5 8 9 64,416 38,919 7.50 1 4 0 5,931,780

1 9 8 0 5,815 1,354 241,822 58,766 7.50 1 0 5 73984,095

’ lntormation  collected from State and Federal pest control specialists.
2 Initial year based on available State records.
3 Includes estimates on Federal, State, and private lands.
4 Estimates from State pest specialists;  same values assigned to timber salvaged.

‘Senior Staff Forester, North Carolin;~  Ikpartment  of Natural Resonrccs
and Conservation, Division of Forest Resources, Raleigh, NC.
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cannot practically charlge  the  soil type on his property, and,
in most instnncss,  must work with me species already
established. The major factor that  may be effectively manipu-
lated by the landowner or manager is stand density, which
may be controlled by thinning. In North Carolina, thinning is
usually accomplished by commercial operators who utilize
the thinned material for pulpwood or sawtimber. Thus, we
set as our project’s  objective the demonstrat ion of the pracii-
cality  and efficacy of commcrical thinning to reduce SPB
damage in the State.

APPROACHES TO MEETING THE OBJECTIVES

Upon determinat ion that  commercial  thinning was the most
practical option lbr reducing SPH impact, it was necessary to
conduct a survey to evaluate whether  commercial thinning
could be done on a statewide basis. Consequently, a ques-
tionnaire was prepared and sent to all  county offices to deter-
mine the availability 01’ 0linning  operations.  The question-
naire  asked county personnel  to  classify thinning opportuni-
ties in their counties ils  I) readily available, 2) usually
available, 3) difficult, or 4) not availi~hle.  The results of this
survey revealed that in only 30 of the State’s 100 counties
was commercial pulpwood thinning readily avaitablc. In
another 23 counties,  commercial thinning was usually avail-
able, while in the remaining 47, it was difficult or impossible
lo obtain thinning contractors (fig. I). Obviously, it was
important to concentrats  our demonstration areas in those
counties where  thinning opportunities were greatest.

The next  part  of our 1jro ect focused on selecting those,j
counties where SPB had traditionally been  a problem. This
was done by determining the numhcr  of years that showed
SPB activity during the  l!M---70  outhrcak  period (fig. 2).

Based on thinning opportunity and  past SPB incidence,
four counties were selected fi)r demonstrat ion projects .  These
were Vance, Davidson, Cleveland, and Polk Counties (fig.
3).

Technicians were  hired in the  hclcctcd  counties with the
sole  responsibility of carrying out  thinrling  operations in
pulpwood-size stands. These technicians contacted local
landowners, explained the program, and offered  to make tim-
her examinations. During the examination, a form was com-
pleted that detailed stand conditions (fig. 4). The form was
developed in cooperation with Dr. Fred Hain, an SPB
rescarchcr  affiliated with North Carolina State University.
The form served the dual  function of determining appropriate
management recommendations and forming the basis for
research analysis in future outbreaks. Data collected on the
form  included stand species,  age,  height of dominants,  diame-
ter range, basal area, soil type, bark thickness, proportion of
live crown, and radial growth rate.

If the timber examination indicated the need for thinning, a
brochure (North Carolina Forest Service 1982) explaining the
value of thinning as an SPB mitigation measure was given to
the  landowner. If the landowner agreed to have timberland
thinned, the technician marked the crooked, diseased, and
suppressed trees for removal with the goal of reducing stand
density to a basal area of 80 to 90 square feet. After marking
the trees, the technician gave the landowner a list of timber
buyers in the area. When actual cutting began, the technician
made frequent checks to he sure that the stand was cut as
marked and that no undue damage occurred to the residual
trees. Following this procedure, some 125 different tracts
containing over 1,500 acres were marked and thinned.

DISCUSSION AND CONCLUSIONS

Commercial thinning is an excellent approach to control-
ling stand density. Research  indicates that the less dense
stands resulting from thinning should have fewer SPB proh-
lems  and, when problems do occur, their impact will be less
than in dense stands. Although approximately half of the
State of North Carolina has little or no thinning operations
available commercially, the Piedmont region, traditionally

cl Not available

Usually  available

Readily available

Figure I-Pine pulpwood thinning operations commercially available in North Carolina, 1982.



l--I NO beet le  act iv i ty

Beet le  act iv i ty  0  - 4  years

l!Ylzl
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Beet le  act iv i ty  IO  +  years

Figure  2-Southern pine beetle occurrence in North Carolina, 1960-76.

the worst SPB problem area, offers the  best commercial thin-
ning oppor tuni t ies .

A thinning demonstration project conducted in North Caro-

lina from 1980-83 indicates that if an effort is made to
contact landowners and provide a complete thinning job (e.g. ,
marking and cutting supervision),  landowners are receptive
to ut i l iz ing the operat ion as  an SPB  mit iga t ion  tool .  Al though
no severe SPB outbreak has occurred since the thinning proj-

ect ended, when the next oudxeak  does occur, the project’s
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Figure 3--Counties where SE? thinning projects were located, North Carolina Demonstration Project.
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SPB THINNING PROJECT

Landowner

Address

B S P

.^I"_,
county

Diameter Range

Bark thickness

If a thinned stand is attacked, redo this form for the attacked plot. Take
one bark thickness sample per five trees - maximum of 20 sample trees.

Data taken by:

Figure k--Stand  condition form developed for North Carolina thinning projects.
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DEMONSTRATING INTEGRATED PEST MANAGEMENT ON
NATIONAL FORESTS IN SOUTH CAROLINA AND GEORGIA

William H. Hoffard and Steven W. Oak’

INTRODUCTION

Forest  pests  have always been major problems on the Tyger
and Enoree Districts of the Sumter National Forest (South
Carolina) and the Chattooga and Oconee Districts of the
Chattahoochee-Oconee National Forest (Georgia). With the
exception of the northern third of the Chattooga District (an
area located within the Southern Appalachian Mountains),
the Districts are entirely on the Piedmont plateau, where
decades of land abuse have eroded much of what once was
productive topsoil .  On the poor soi ls  that  remain,  t ree growth
is often slow, and the area’s forest  cover is  susceptible to two
of the most significant pests of southern pine: southern pine
beetle (SPB) and littleleaf disease (LLD).

During the latest SPB outbreak (1979-80), millions of
cubic feet of timber were killed by the  beetle on National
Forest Ranger Districts in the area described earlier.  Likewise,
LED impact within these areas has been enormous.  Southwide,
at least 1.5 million acres have been affected  by this disease,
and damage has been serious enough to affect management
on some 5 million acres.

Because of this grim history, these Districts were selected
for an Integrated Pest Management (IPM) demonstration
project. The project had four primary objectives.

1)

2)

3)

4)

Identify existing IPM technologies  for the management
of pine pests on National Forests.
Communicate the IPM  technology to Forest Service
land managers.
Illustrate how the IPM technologies can work to maxi-
mize use of National  Forest  lands for different  objectives.
Coordinate the work on the Sumter National Forest
with the companion demonstrat ion project  on State  and
private land being conducted by Clemson University
and the South Carolina Forestry Commission.

APPROACHES TO MEETING THE OBJECTIVES

Identifying Existing WM  Technologies: Objective 1

Several survey and evaluation methods were screened and
the ones found most appropriate for the demonstration area
(fig. 1) were selected following consultation with area land
managers. The techniques  chosen were easy to apply and
required a minimum of fieldwork for implementation.

While LLD and SPB were of principal concern, fusiform
rust, annosus root rot (ARR), and pales weevil were also
considered.

Fusiform  rust.-Land managers were supplied with-a  haz-
ard map for fusiform rust generated from an earlier survey of

’ Respectively, Entomologist and Plant Pathologist, USDA Forest Service,
Southern Region, Forest Pest Management,  Asheville,  NC.

the Sumter National Forest. In the demonstration area, rust is
a management concern in limited areas or individual stands.
Computer programs for economic analysis of some rust man-
agement strategies are part  of the IPM Decision Key (Anderson
and others 1982; Redmond 1985) and were provided to assist
decisionmakers.

Annosus  rot.-As with fusiform rust, ARR is not a
major concern within the demonstration area. Nevertheless,
high incidence may occur in individual  stands,  causing severe
damage. A root-sampling technique (Alexander 1984) was
used in the demonstration area to assess disease incidence
and growth loss  in individual  s tands.  Further ,  economic anal-
yses for stump treatments with borax following thinnings
were provided through the IPM Decision Key.

Pales weevil.-For this pest, land managers were supplied
with the latest management information, as well as an eco-
nomic analysis computer program. Similar to the fusiform
rust management economic model, this program helps land
managers determine whether chemical treatment of seedlings
or a delay in planting provides the most economical protec-
tion against weevil attacks on trees planted in recently cut
forests .

Littleleaf disease.-Littleleaf is the most significant dis-
ease in the demonstration area. Efforts, therefore, were con-
centrated on hazard mapping. Methods for predicting LLD
damage in shortleaf and loblolly pine stands were developed
from intensive research in the Piedmont during the 1940’s
and 1950’s. Investigations were centered in the heart of the
demonstrat ion area on the Calhoun Experimental  Forest ,  Sum-
ter National Forest, making the results directly applicable to
project  needs.

Individual stand hazard was determined by using a rating
scale that assigned point values for the critical soil factors-
erosion class,  soil  consistency, depth to zone of greatly reduced
permeability, and subsoil mottling (Campbell and Copeland
1954). Though quite accurate, the system requires onsite  soil
evaluation. Instead, soil series were placed in one of three
damage classes based on the close association between risk
and the internal drainage characteristics of the soil series
(Campbell and Copeland  1954). This approach can be applied
without costly, labor-intensive fieldwork.

We interpreted the damage classes as disease-hazard classes
and summarized (from published Soil Conservation Service
(SCS) County Survey Reports) the internal drainage charac-
teristics critical to the point prediction system of the 20 soil
series already grouped by Campbell and Copeland  for the
area (1954, table 1). We then evaluated the same characteris-
tics for the previously unclassified soil series and assigned
them to the appropriate hazard class (table 2). These hazard
classes were the foundation from which individual  s tand haz-
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cl Sumter Nat ional  Forest ,  S C

Tyger - Enoree Distr icts

Ia Chattooga Distr ict

Chattahoochee- Oconee Nationa I Forest, GA

Oconee Distr ict

Flgure l-Regional map showing location of districts in demonstration area

Table  l - - I n t e r n a l  d r a i n a g e  c h a r a c t e r i s t i c s  o f  s o i l  s e r i e s  i n  t h e  S u m t e r  N a t i o n a l  F o r e s t  w i t h  k n o w n  r e l a t i o n s h i p s  t o  little-
leaf damage classes

- Internal drainage characteristics’

Soil series’
D a m a g e

class2

H i g h

Inter-
m e d i a t e

S u b s o i l P e r m e a b i l i t y M o t t l e s

Wilkes, Vance,
O r a n g e ,
C a t a w b a ,
M e c k l e n b u r g ,
H e r n d o n ,  T a t u m ,
M a n t e o

L o u i s a ,
M a d i s o n ,
A p p l i n g ,  H e l e n a

M o s t l y  c l a y

M o s t l y  c l a y

S l o w  t o  m o d e r a t e l y
slow with marked
r e d u c t i o n  a t  1 2
inches or less.
e x c e p t i o n :
H e r n d o n

M o d e r a t e  t o  m o d e r a t e l y
s l o w  w i t h o u t
m a r k e d  c h a n g e .
e x c e p t i o n :  H e l e n a

P r e s e n t  w i t h i n
18-24 inches

Usually greater
than 24 inches

L l o y d ,  N a s o n ,
D u r h a m ,
L o c k h a r t ,  C e c i l ,
G e o r g e v i l l e ,
D a v i d s o n ,  A l a m a n c e

L o w L o a m y  c l a y
or coarser

M o d e r a t e  w i t h o u t
m a r k e d  c h a n g e .

Usually greater
than 36 inches

’ In: Camp and others 1975; Camp and others 1960; Hardee 1962.
’ Association of soil series with damage class. In: Campbell and Copeland  1954.

3 6



Table P-Soil  series found within the Sumter and Oconee-Chattahoochee National Forests classified
for liltleleaf  disease risk according to internal drainage characteristics of previous/y classi-
fied soils (ref. lab/e  1)

H i g h I n t e r m e d i a t e L o w
-“_  .--.___

Winnsboro
lredell
Goldston
E f l a n d
Enon
S u s q u e h a n n a

Uaucluse
C o l f a x

Worsham
Wickham
Wehadkee
Waleree-Ron
T o c c o a
E n o r e e
A i l e y
O r a n g e b u r g
Norfolk

T i r z a h B u n c o m b e
Ron A r m e n i a
P a c o l e t C h e w a c l a
L o u i s b u r g B l a n t o n
Hiwassee A l t a v i s t a
C o n g a r e e R e d  B a y
Lakeland Starr
E s t o n G w i n n e t t

ard classes were determined. Clearly, SCS County soil sur-
vey maps were essential to hazard mapping.

Southern pine  be&-As  with I,l.D,  emphasis on SPB
was on implementat ion of  s tand r isk-rat ing systems and com-
bining the systems with other technology.

Table 3 shows the risk-rating systems  used. All systems,
with the exception of the LLD system, are products of tither
the Expanded Southern Pine Beetle  Research and Applica-
tions Program (ESPBRAP) or the Integrated Pest Manage-
ment Research, Development, and Applications Program for
Bark Beetles of Southern Pines (IPM).  A more detailed expla-
nation of each SPB rating system li9llows:

PIEDMONT RISK (Hecldcn  198%): This system uses

three variables to rate stands Ior  SPB risk: 1) Slope, 2)
clay component of soil, and .3) shortleaf  pine component
of the stand. Table 4 shows how these variables are con-
sidered in determining whether risk of SPB attack is high,
medium, or low, Since all this Inlbrmation  is available
through SCS maps and stand records, the ratings can be
assigned without onsitc  visits.

P HAZARD GA (Bclangcr and others 1981): This sys-
tem was developed for the Georgia portion of the demon-
stration area. Four variables (soil surface depth to “A”
horizon, radial growth of dominant and codominant trees
for the last 5 years, Liverage  live  crown ratio for all pines,
and percentage of loblolly in the total  pine component)  are
used to develop a discriminant score. In turn, this score

Table 3--Risk-rating  systems employed in South Carolina -Georgia
IPM demonstration area

- -_ll__---

District-----.
R a t i n g
system Tyger E n o r e e O c o n e e C h a t t o o g a

L I T T L E L E A F X X X

P I E D M O N T  R I S K X X

NF RISK X X

M T N  R I S K X

P HAZARD GA’ X
-

’ Used to validate NF RISK modification

Table 4-PIEDMONT  RISK system for southern pine beer/e

S h o r t l e a f  p i n e : S c o r e

Yes - more than 50 percent of the pine is shortleaf 1

No - less than 50 percent of the pine is shortleaf 0

S t e e p  s l o p e :

Yes - slopes are greater than IO  percent

No - slopes are less than 10 percent

C l a y  s o i l :

1

0

Yes - clay loam, clay, silty clay (228 percent clay) 1

No - sandy loam, sandy clay loam, loam
(c 28 percent clay) 0

Risk c/ass Risk value (total score)
h i g h 3

m o d e r a t e 2

l o w 1

determines re la t ive suscept ibi l i ty  to  SPB as  very high,  high,
medium, or low. This system was not used in the demon-
stration area, except as a means of validating NF RISK
(see below).

NF RISK (Lorio  and Sommers 1981): NF (National
Forest) RISK uses existing computer-based data stored in
CISC (Continuous Inventory of  Stand Condit ions) ,  the pro-
gram and file the National Forest System uses to describe
the changing status of its forest stands. The system has
been successful ly used to rate  for  SPB risk on the Kisatchie
National Forest in Louisiana. Through confirmation with
historical records, it was found that certain CISC data,
such as “Stand Condition Class” (e.g., “immature saw-
timber”), could be reliably associated with SPB risk. With
the assistance of Roger P. Belanger of the Southeastern
Forest Experiment Station, the system was modified for
condit ions on the Oconee and southern Chattooga (Piedmont
section) Districts in Georgia. Modifications for the Geor-
gia Piedmont principally reflected site index differences
and Piedmont littleleaf influences as they relate to SPB
risk. Figure 2 shows the modified flowchart sequence for
the Georgia Piedmont.
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Loblolly  or Shortleaf? - No (low hazard)

Mature or Immature Sawtimber?- No (low hazard)

Yes

I
Operability? - No

I
Yes

Shorileaf Lobl olly

I I

(Si te Index)

(Site Index)
I I 1

190 8 9 - 8 0 <80
(high hazard) (med. hazard) (low hazard)

190 8 9 - 8 0 7 9 - 7 0 < 70
(very high (high hazard) (med. hazard) (low hazard 1
hazard)

Figure 2-NF  RISK flowchart modified for the Oconee National Forest.

Figure 3 shows the percentage of very high, high,
medium, and low risk stands on the Oconee and Piedmont
regions of the Chattooga District.

MOUNTAIN RISK (Hedden 1985a). This system relia-
bly projects SPB risk in mountain stands where shortleaf,
Virginia, pitch, and Table Mountain pines are a significant
component of the forest  cover.  The system was developed
within the demonstration area and, when applied in a larger
area, correctly rated more than 80 percent of the stands.

Communicating IPM Technology to Land Managers:
Object ive  2

Assimilat ion and cont inued appl icat ion of  IPM technology
require that the products of hazard rating (hazard maps) be
provided in a form that is compatible with current manage-
ment methods. Maps were prepared to aid in the compart-
ment prescription process at the Ranger District level.

Three distinct phases were involved in providing informa-
tion and involving land managers in the applicat ion of  hazard

rating. The first phase made them aware of the procedures
used in rating stands for SPB and LLD and in developing
hazard maps. Project personnel converted SCS maps to the
scale of currently used compartment maps, color-coded soil
types according to hazard,  set  cri teria for determining individ-
ual stand hazard, and manually produced hazard maps.

In a  second phase,  only the essent ial  information (SCS soi l
maps at the appropriate scale, with hazard classes coded) was
provided to land managers. This gave them the flexibility of
developing their own criteria for hazard rating stands. For
example, one manager might rate a stand high hazard if 50
percent of its acreage was on high-hazard soil, while another
might  consider  any high-hazard soi l  as  suff icient  reason for  a
high ra t ing.

The final phase supplemented this flexibility by computer-
izing the mapping process for increased speed and accuracy
in data retrieval and map reproduction, long-term data storage,
and use of information developed for pest management for
other resource management si tuations.  This was accomplished



6 0

Very High High Medium Low

Stand Susceptibi l i ty Rating
Figure 3--Percentage of total acreage susceptible to southern pine beetle as classified by NF RISK

( P i e d m o n t  r e g i o n  o n l y ) .

by using a computerized Geographic Information System (GIS)
developed by R.L. Beveridge of the USDA Forest Service,
Region 4, Boise, Idaho (Beveridge and Knapp 1984). This
GIS consists of programs prefixed PES’T  and was originally
developed to assist in summarizing and mapping forest pest
data collected during aerial surveys or 13.5  million acres  of
forest land in the West. It  allows entry of point data (e.g.,
beetle spots) or polygon data (e.g., an area of high-hazard
soil), data summary and editing, map plotting, and the over-
laying of data files to determine areas of commonality (e.g.,
overlaying soil hazard with forest type---fig. 4).

PEST programs were originally developed to store and edit
plot data over a large geographic area (half of a 7.5-minute
quad map or about 110 mi”) using a Hewlett-Packard desktop
computer, digitizer, and plotter. Modification was needed to
run the programs on our equipment and process  information
for a much smaller area (about 4 mi’),  While losing the
capability of generating larger area maps (e.g,,  showing LLD
hazard soils on an entire District or Forest), it did allow for
the production of hazard maps for individual compartments at
the same scale as maps currently in use on the Ranger Distr icts .

I
i

i
I
i \ \

Ftgure  4-Diagrammatic  representation of how the Geographic Infor-
mation System compares various strata. Digitized map
(bottom) is based on “stacking” data from three strata (in
this case, stand, topographic, and soils information).
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The steps involved in gencr;~ting  maps similar to hazard
maps with PEST prcq~rams  :III’  described  in Bevericlgc  and
Knapp (1984).

A stand boundary map can hc  plottctl  on a transparency
film and directly overlayed  onto  the  l,I,D  soil hazard map to
assist land managers in locating relative positions of various
hazard class  soi ls  within existing stands (f igs.  5 and 6). When
combined with the  tabular sulnmary  of acreage  by hazard
class for each stand, thcsc  maps allow informed decisions to
be made  about hazard rating of existing stands. Further.  they
can be used  in monitoring high-hazard areas during pest
outbreaks, in decisionmaking for intermediate cultural trea-
ments (e.g.,  preventive or salvage thinning), and in lowering
the  pathological rotation age.

Illustrating Wow IPM  Technologies Work on National
Forest Lands: Objective 3

The third ob,jcctivc  of the  project was accomplished in four
steps:

I) Demonstration oI‘  cornputcri7cd  decisionmaking aids.
2) Incorporation of  haLard-rating  and decisionmaking aids

into the  compartment prescription  process.
3) Survey of  previously  undocumcntetl  losses from LLD

in lob lo l ly  s tands .
4) Field demonstrations 01‘ the assessment techniques and

appl icat ions .

Demottstr’ation  of cxmp~erizcd  decisionmaking aids.
-Miniterm computer terminals were  placed on the Tyger
and Enoree Districts in South Carolina. These terminals pro-
vide access to technology available on the Forest Pest Man-
agement host computer in Uoraville, GA. Programs available
to the Distr ic ts  included the lntcgratccl  Pest  Management Deci-
sion Key, which considers a variety of variables in formulat-
ing pest  management recornmentl~ltions  for specific site-stand-
pest conditions, and several economic models that permit a
detailed  financial analysis of pest management alternatives.
These economic models dealt with such pests as fusiform
rust, ARR, SPR, and pales weevil.

Addit ional  technology was also transferred to Distr ict  per-
sonnel  through t raining hessions,  publicat ions,  and close  work
with  individual  profess ionals .

Incorporation qf hcrxtrd-rrtlitr,g  lrtrd  decisiot2m~thin~  ciids
in/o the cotrtpurrmcwr  Itt.r.cc’t-i/ltic,tl  lrrocrss.--The  hazard-
rating maps were placed in compartment prescription files for
continuing reference. They will be ~rsetl  for IO years, after
which the areas will be reexamined and management options
reevaluated.

The maps and tables will influence silvicultural prescrip-
tions,  including thinning,  species select ion,  and stand conver-
sion. This information helps to ensure  that pest management
is considered in formulating silvicultural strategies.

Survey of previ0usi.v  undocumenled  losses ,from  LLD in
lohloll~~ stands-A survey of LIB in loblolly pine stands
was carried out on the Tygcr  and Enoree Districts coopera-
tively with Clemson University (Dr. Frank Tainter) and Sum-
ter National Forest personnel. The survey was conducted in
response to concerns by Forest  Service foresters  that  loblolly

was sustaining noticeable damage in many areas and manage-
ment guidelines for such  stands were not available. Symp-
toms included yellow foliage, foliage dwarfing and tufting,
branch dieback,  and reduced annual increment. Land manag-
ers also reported  “negative growth” over IO-year measure-
ment periods in some damaged  stands due to the combined
effects  of tree mortality and very poor growth.

WC  i l lustrated the losses by surveying damaged stands and
determining: a) Incidence of damage, b) growth reduction
due to LLD, and c) inception of growth reduction relative to
expression of  crown symptoms.  I t  is  hoped that  resul ts  of  the
survey will be useful in determining pathological rotation
ages on different  hazard si tes,  scheduling presalvage thinnings,
and determining the need for stand conversion to hardwoods.

Preliminary analyses indicate that: I) Trees with light and
severe crown symptoms (impacted trees) grow significantly
less than healthy trees but do not differ from each other; 2)
growth of impacted trees culminated between age 30 and 40
but had not culminated in healthy trees by age 50, 3) inci-
dence of impacted trees averaged 15 percent on high- and
intermediate-hazard soils and 5 percent on low-hazard soils.

Further analysis is needed to determine: 1) The relation-
ship between the onset  of  crown symptoms and growth reduc-
tion (this will aid in survey and damage assessment), and 2)
specific guidelines on stand management (the level of reduc-
tion that warrants action).

Field demonstration oj’  the assessment techniques and
upplications.-The  ARR sampling technique was demon-
strated on the Savannah River Plant and on four National
Forest Ranger Districts outside the Piedmont demonstration
area. This disease can cause mortality or growth reduction
and can be a signif icant  constraint  to management in thinned
pine stands. Until recently, evaluation of ARR losses was
limited to mortality. With the new ARR sampling system,
growth reduction can also be determined. Root samples are
systematically taken in thinned pine stands,  the percentage of
infected roots discovered, and the growth loss quantified
through a computer growth and yield simulator called GY-
ANNOSUS (Hokans and Alexander 1985).

The need to reinstate ARR preventive stump treatment was
demonstrated  after the sampling system was applied in four
thinned but  untreated pine s tands on the Savannah River  Plant .
Fligh  disease incidence was also present in thinned stands
outside the traditional ARR high-hazard area.

Coordination With South Carolina’s Companion Demon-
stration Project on State and Private Land: Objective 4

The companion projects conducted in concert  with the For-
est Service-funded project by Clemson University and the
South Carol ina Forestry Commission had s ignif icant ly  differ-
ent objectives, emphases, and client groups, but addressed
the same issue- the implementation of current IPM technolo-
gies to reduce pest-caused losses in South Carolina. Close
coordination and cooperation were needed not only to avoid
duplication of effort but also to bring the results of the individ-
ual projects to as many groups as possible. Efforts ranged
from extensive collaboration on specific projects to more
limited roles as sources for information about other project
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compar tmen t  101
Enoree Ranger District
Sumter National Forest, SC

Hazard L M H
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7’1.04
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11.44
15.42

42 .03
0 .00
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14.14L i t t l e l ea f  soil  hazard

Compar tmen t  101
Enoree  Ranger District
Sumter National Forest, SC

Hazard L M  l-l
S t r a t a I 2 3

90.88
35 .35

.51
3 .64
3 .10

104.91
.hl

3.11
22 .h40.00
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0 .00
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11.94
11.11

4 .76
38 .96

2 .83
14.64
19.84
20.17
20.3s
20.75
0.00

10.96
19.23
6.21

33.40
14.27
59.71

1 .75
0 .00

64 .30
0 .00
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5 .33
0 .00

0.00
6.27
S.63
0.00

47.29
14 .DR
10.26
57.28

7.16
11 !‘a
17.51
15.08

417 .07 392.5Q 404 .13

Figure !5-Litt leleaf  disease  h a z a r d  m a p  p r o d u c e d  b y  GIS  w i t h  t a b u l a r
output. Stand map (fop)  is electronically overlayed on soils
m a p  ( m i d d l e ) .  T h e  a c c o m p a n y i n g  c o m p u t e r  p r o g r a m  (botiom)
tabulates stand acreage by hazard class. Stand and soil
hazard maps can be manually overlayed by plotting one
map on a transparency

Figure f3--Southern  pine beetle soil risk map produced by electroni-
cally resorting soil series according to criteria identified in
the PIEDMONT RISK system. Soil hazard is one of three
components that determine SPB risk.
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Figure 7-Stand risk for southern pine beetle on Compartment 154, Oconee National Forest, as
d e t e r m i n e d  w i t h  m o d i f i e d  N F  R I S K .



activities. For example, the survey of LLD occurrence and
losses  in  loblol ly  pine on the  Sumter  Nat ional  Forest  involved
collaborative planning, field  data collection, and data analy-

sis with the Clemson project, Similarly, a slide-tape on LLD
and its effective management was jointly developed by
Clemson and USDA Forest Service  investigators.

LED hazard-rating methods wcrc  taught at formal work-
shops organized by Clemson Universi ty,  Combined part icipa-
tion of all prqjects  in informal slams  reporting sessions for
different client groups served the objectives  of all. Finally,
USDA Forest Service  land managers were informed through
workshops and field demonstrations of the portable sawmill
(South Carolina Forestry Commission), the ARR manage-
ment system and sampling method, the IPM Decision Key,
and other pest management  software  available to foresters
(Clemson), and the Clemson t’cst  Management Information
Center. .

CONCLt”SION

The South Carolina-Georgia project  demonstrated the
importance of considering  pests in forest resource manage-
ment.  With the latest  technology (much of  i t  developed through
ESPBRAP and the IPM Program), foresters and technicians
can accurately rate LLD and SPB risks. Computer programs
like the Integrated Pest Management Decision Key and eco-
nomics models  help foresters  d e v i s e  prescriptions for manage-
ment of LLD, fusiform rust, ARR, SPB, and pales weevil
that are practical and cost effective. Computerized technol-
ogy is now in a form that is easy  to understand  and adapt to
exis t ing  condi t ions ,

The demonstrat ion project  concentrated  on the specific needs
of the Federal forester. Efforts were  made to ensure that the
appropriate technology was adapted  no  the Southern Region’s
existing specifications and formats, Examples include digitiz-
ing hazard maps to the same scale  as USDA Forest Service
compartment prescription maps and modifying the CISC sys-
tem to project SPB hazard with existing site/stand data.

One important clement of technology transfer is continued
application. Since compartment data are reevaluated and
updated at IO-year intervals,  the  maps and other information
provided by this project for each compartment file will be

used by foresters for at least a decade.

Throughout the project, work was coordinated with the
companion South Carolina demonstration project to prevent
duplication of effort and ensure a more comprehensive
approach,

In the years to come, Forest  Pest  Management in the South-
ern Region will continue to monitor District use of the tech-
nology to verify i ts  val idi ty and consider  the incorporat ion of
new information as it becomes available.
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Agriculture, Forest Service; 1981:75-78.

Redmond, C. H. Borax for annosus  prevention. R8-FB/P  .
Atlanta, GA: U.S. Department of Agriculture, Forest
Service, Southern Region; 1985. 2 p.
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SOUTHERN PINE BEETLE PREVENTION AND CONTROL
MEASURES FOR NONINDUSTRIAL PRIVATE LANDOWNERS

IN SOUTH CAROLINA
Michael C. Remion  and Andrew J. Boone’

LNTRODUCTION

Southern pine beetle (SPB) has become an increasingly
important pest of pine forests in South Carolina. As early as
I804.,  Genera1 Charles Pinckney dcscribcd  the severity of the
SPB problem when he reported me loss of 5,000 acres in a
7,000-acre  pine plantation 26 miles north of Charleston. In a
recent outbreak ( 1972 - 74), over 78 I ,000 cords and 25 I ,000
M fbm of pine were killed by the insect (table 1).

In October 1982, a cooperative Federal-State-university
demonstration project was implemented in South Carolina.
This  project  involved the cooperative  interact ion of  the South
Carolina Forestry Commission (SCFC), Clemson University,
and the USDA Forest Service. The overall goal of the State
project was to provide nonindustrial private forest (NIPF)
landowners with small holdings with effective control and
prevention measures to reduce current and potential timber
losses caused by the SPH.  The objectives were to:

I.

2 .

3 .

4 .

5 .

6 .

7,

Develop educational displays for the identification,
prevention, and suppression of SPB infestations.
Develop a training program for SCFC personnel to
improve and standardize SPB aerial and ground detec-
tion and suppression approaches.
Demonstrate the use of aerial photography and radio
navigat ion a ids  in  locat ing spots .
Develop and demonstrate a stand hazard-rating system
for SPB in the Piedmont Region of South Carolina.
Develop leaflets and public service announcements relat-
ing to SPB identification, timber utilization, prediction,
prevention,  and suppression.
Demonstrate si lvicultural  practices to reduce stand sus-
ceptibility to SPB attack.
Conduct portable sawmill (Mobile Dimension Saw@)
demonstrat ions ~

Work on objectives 4 to 6 was contracted to the Clemson
University Department of Forestry (CUDF) by the Commis-
s ion .

APPROACHES TO MEETING THE OBJECTIVES

Educational Displays

This approach was designed to educate and inform NIPF
owners and forest managers of the proper techniques of

’ Respectively, Chief, insect and Disease Section, and Insect and
DiSKiSe  Forester, South Carolina Forestry Commission, Columbia,
SC

identifying, preventing, and suppressing SPB spots. To
achieve this goal, the SCFC constructed permanent, modular
display units complete with lighting systems for each of its
seven districts.  Two copies each of three photographic trans-
parency sets and graphics were developed for these display
units .  These visual  a ids  displayed information on the ident i f i -
cation of the SPB and the damage it causes, recognition of
SPB high-hazard stands, and the use of forest management
practices to prevent or reduce losses,  and the proper applica-
tion of effective control methods. The displays were used at
large landowner association meetings, State fairs, and farm-
city week festivals.

SPB slide-tape programs and projectors were provided to
all SCFC districts. These programs were used by Commis-
sion foresters to transfer the latest technology concerning
SPB identification, hazard rating, prevention, and control to
forest landowner associations and related groups. Forty-five
presentations were made involving approximately 1,350
landowners, foresters, and forestry technicians.

Training for SCFC Foresters

The SCFC is responsible for detecting and suppressing
forest  pest  outbreaks on both State  and private  lands in South
Carol ina.  An urgent  need existed to intensify t raining of  SCFC
personnel involved in SPB aerial and ground detection and
suppression operations.  Accordingly,  18 training sessions were
conducted for  124 SCFC personnel  using techniques such as
slides and maps to achieve the level of awareness desired.

Personnel involved as observers in aerial detection and
suppression surveys were shown aerial  s l ides of  SPB infesta-
tions of known size. From these slides, the size (number of
trees) of the spots was estimated and recorded. Instructors
then compared each observer’s est imate with the known num-
ber of trees in each infestation to determine accuracy in esti-
mating infestat ion size.  Training continued unti l  a l l  observers
reached 90 percent accuracy in estimating spot size.

Training was also conducted in the field with personnel
involved in  SPB suppress ion act ivi t ies .  This  t ra ining included
locating spots using aerial photographs, delineating spot
boundaries for control, and laying out roads for access to
spots that  were to be salvaged.

Use of Aerial Photographs

This effort  focused on demonstrating the use of aerial  pho-
tographs as  an aid in  locat ing SPB infestat ions for  suppression.
In 1981-82, the SCFC joined with the USDA FS Aerial
Survey Team from Doraville, GA, to cooperatively test an
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fable l-southern pine beetle damage estimates in South Carolina 1960~-60’

C a l e n d a r

year’

1 9 6 0
1 9 6 1
1962

1963
1964
1 9 6 7
1968
1969
1971

1972
1973
1974

1975
1976

1977
1978

1979
1980

-.__ -__
E s t i m a t e d Stumpage  values’ T o t a l

volume salvaged3 T o t a l  v o l u m e  k i l l e d P u l p w o o d SawtImber v a l u e- - - - . - _ _ _ _
Cords M  fbm Cords M  fbm $/cords $lM  fbm $_~.__ ___-

0 3 9 0 0 3 , 9 0 0 0 . 0 0 3 2 1 2 4 , 8 0 0
0 221 0 2,210 0.00 3 4 75,140

11,400 4 0 0 43,000 90,000 5.00 3 6 3,455,ooo

2 5 0 3 2 4 1,650 2,162 7.00 3 2 80,734
5 0 4 6 3 6 0 4 5 5 7.00 3 2 1 7 , 0 8 0

8 3 4 701 8,340 7,009 7.00 3 7 317,713

1,352 1 , 0 0 9 1 3 , 5 1 7 1 0 , 0 9 3 7.00 4 0 498,339
1,604 6 2 9 16,044 6,292 6.00 3 5 316,484

4 0 0 3 0 1,470 1 4 2 6.00 3 0 13,080

15,500 7,918 250,000 12,218 7.00 5 2 2,385,336
120,135 7,640 264,335 124,440 8.00 8 9 133349,840
193,310 16,911 247,310 114,541 7.00 7 0 9,749,040

65,214 10,606 65,214 31,235 7.00 6 0 2,470,598
19,274 5 1 0 19,274 5 1 0 7.00 6 0 165,518

2 3 6 2 5 3 9 3 4 2 7.00 5 4 5,000
0 0 0 0 0.00 0 0

41,800 6,722 46,615 28,010 12.00 1 6 0 5,043,380
173,095 1,474 184,099 23,586 13.00 1 0 6 4,893,403

’ Information collected from State and Federal pest control specialists.
’ Initial year based on available State records.
’ Includes estimates on Federal, State, and private lands.
4 Estimates from State pest specialists; same values assigned to timber salvaged

aerial  sampling method for  measuring t imber mortal i ty caused
by bark beetles over a large area of mixed ownership in South
Carolina. Aerial color infrared negatives resulting from this
test were u s e d  to make photographic prints  for  the demonstra-
tion prqject

Prints for all of the forested area in 31 counties were pro-
vided to SCFC project foresters in the respective districts. A
full set of these same photographs was retained by SCFC’s
Insect and Disease Section. Ten training sessions were offered
to 45 SCFC foresters  to  instruct  them in the use and interpreta-
t ion of  new photography.  The photographs provided the SCFC
with an init ial  baseline record for a continuous recordkeeping
system of SPB infestations throughout the State. They were
also being used by project foresters for hazard-rating stands
for management plans,  suppression act ivi t ies ,  thinnings aimed
at  reducing stand SPB hazard,  and maintaining healthy forests .

The SCFC established an aerial photography cooperative
committee to make prints of the new photography available
to landowners. Committee members included representatives
from the SCFC, consulting foresters, and industrial foresters.
Through this committee, 3,600 prints were provided at cost
to some 84 landowners throughout the State.

In years to come, this newly acquired photography will be
used to prepare SPB occurrence and severity maps for each
county affected by SPB and ul t imately to  val idate  SPB hazard-
ra t ing sys tems.

Development of a Stand Hazard-Rating System

To develop an SPB hazard-rating system in the Piedmont
Region of South Carolina, Clemson University and the Com-
mission collected data on more than 50 SPB spots. SPB
losses in the Piedmont were found to be closely related to
stand density, soil, and host tree characteristics. Using data
collected during the project and logistic models (Reed and

others 1980) developed in other States relative to probability
of SPB occurrence, Clemson developed an SPB hazard-rating
system for  the Piedmont  Region.  This  system addressed both
SPB spot incidence and spread.  The newly developed system
was f ield tested by SCFC foresters  and found to correct ly rate
stands 82 percent of the time.

This system’s methodology was later published (in leaflet
form) (fig. 1) under the IPM Demonstration Project (Hedden



and Karpinski 1983; Karpinski and others 1984). ‘Twelve buted  by Clemson’s Department of Forestry and Cooperative
training sessions involvrng  83 SUIY  foresters  and indus- Extension Service and the SCFC are tabulated in table 1.
trial foresters were conducted to train them in the use of the These publications were developed to meet the needs of
sys tem. the NIPF owners in South Carolina and an estimated lo-year

SCFC project foresters are cc ,..,ntly using this system in supply was printed. During the 1984 SPB outbreak, approxi-
woodland examinat ions and incorporat ing the resul ts  into man- mately 5,000 copies of each publication were distribnted to
agement  plans. forest landowners and industrial forest managers who have

Leaflets  and Other Educational Materials
CFM programs.

In addition to these publications, three 30-second public
service announcements (PSA’s)  for television were prepared
(table 2). These announcements addressed the identification
of SPB infestations, the prevention of SPB spots through
forest management practices, and the control of SPB spots.

This effort was designed to develop educational materials
relating to the identification, prevention, and control of SPB.
The material developed by Clemson was targeted at the
nonindustrial ,  private landowner.  Leaflets prepared and distri-

Table 2-Summary  of leaflets, fact sheets, and public service announcements prepared for use in the South Carolina
demonstration project

P r o j e c t P r e p a r e d  b y M e d i a T i t l e  ( d e s c r i p t i o n )

E d u c a t i o n a l
m a t e r i a l

Clemson University
C o o p e r a t i v e
Extension Service
and Department of
Forestry

F o r e s t  L e a f l e t  5

F o r e s t  L e a f l e t  6

I d e n t i f y i n g  t h e
s o u t h e r n  p i n e  b e e t l e

S a l v a g e  r e m o v a l ,  a
m e t h o d  f o r  c o n t r o l l i n g
S P B  i n f e s t a t i o n s

F o r e s t  L e a f l e t  7 C u t  a n d  l e a v e ,  a
m e t h o d  f o r  c o n t r o l l i n g
S P B  i n f e s t a t i o n s

F o r e s t  L e a f l e t  8

F o r e s t  L e a f l e t  1 1

E s t i m a t i n g  p o t e n t i a l
loss from the southern
p i n e  b e e t l e

P r e d i c t i n g  p o t e n t i a l
loss to southern pine
b e e t l e  i n  n a t u r a l
stands in the Piedmont

T V  P S A 30-second announcement
o n  S P B  i n f e s t a t i o n
i d e n t i f i c a t i o n

T V  P S A 20-second a n n o u n c e m e n t
o n  S P B  p r e v e n t i o n

T V  P S A 30-second a n n o u n c e m e n t
o n  S P B  c o n t r o l

P o r t a b l e
s a w m i l l

Clemson University
C o o p e r a t i v e
Extension Service
and Department of
Forestry

F o r e s t  L e a f l e t  9

F o r e s t  L e a f l e t  1 0

P o r t a b l e  s a w m i l l
operators in South
C a r o l i n a

So. you want to buy a
p o r t a b l e  s a w m i l l !

Forest Leaflet 12 Don’t leave your trees
to rot in the woods.
u t i l i z e  t h e m !

SCFC Fact sheets Integrated pest
m a n a g e m e n t  p r o j e c t  i n  S C

P o r t a b l e  s a w m i l l  l e a s e
d e m o n s t r a t i o n  c o n d u c t e d
by the SCFC (two fact
sheets)



They were targeted at landowners to inform them of approaches
for dealing with the SPB problem in South Carolina.

Copies of the three PSA’s  were provided to all TV stations
within the State and also those in adjoining States that tele-
cast to South Carolina, Copies of the spots were also pro-
vided to the Information and Education Section of the Com-
mission for further use.

Illustrating the Feasibility of Silvicultural Practices

This effort was initiated by Clemson to demonstrate the
compatibility of silvicultural practices for reducing.stand  haz-
ard to SPB with the diverse management objectives of the
NIPF owners. To achieve this goal, demonstration areas on
NIPF lands were established to illustrate to consulting
foresters, SCFC foresters, extension workers, and landown-
ers with small holdings the feasibility of using silvicultural
practices to alter stand conditions favorable to SPB attack.

Seven demonstration areas were established in the Pied-
mont of South Carolina, and management plans were pre-
pared for each tract based on the landowner’s objectives.
Silvicultural  prescriptions to reduce stand hazard were included
in each plan and the practices implemented on each tract.
Following treatment of the demonstration areas, a monitoring
program was initiated to document effectiveness of the prac-
tices in reducing SPB losses over the years.

To date, approximately 10 visits have been made to each
of the demonstration areas for “show-me” trips. Complete
slide series have been developed for each tract showing
“before and after” silvicultural treatments. Additional pic-
tures will be taken in future years to document the actual
effects of the various treatments in reducing and/or prevent-
ing losses due to SPB.

Demonstra t ion and Use  of the  Por table  Sawmil l

The sawmill demonstration work in the South,.Carolina
project (fig. 2) has involved three phases: Phase I was con-
cerned with planning,  purchase,  and training; Phase II  involved
demonstrations in the Piedmont Region of South Carolina;
and Phase III involved demonstrations in the Sandhills and
Coastal Plains Regions of South Carolina.

Three methods were used:  1)  Public demonstrat ions,  2)  lease
demonstrations, and 3) sawmill study demonstrations. (See
table 3 for a summary.)

Publ ic  demonstrat ions . -Publ ic  demonstrations were organ-
ized and targeted to reach the nonindustrial ,  private landowner.
Each public demonstration was scheduled for a single day,
and the public was invited to attend by means of radio-
television announcements and news releases. SCFC person-
nel organized the meetings and demonstrated the sawmill,
and Clemson Extension personnel  presented educational  pro-
grams at  each session.

Landowners involved in the demonstrations were required
to  cu t  and deck their  own logs and provide two individuals  to
assist SCFC personnel during the demonstration. Landown-
ers retained the lumber sawed during the demonstrations for
their own personal use at no charge.

Through December 1984, some 30 demonstrations had been
conducted in 17 different counties, reaching a total of 16,234
people. In 1985, an additional 15 public demonstrations are
scheduled.

Lease  demonstrat ions . -Lease  demonstrations were offered
for small, private landownerships on the following priority
basis: 1) Landowners with active beetle infestations, 2) land-
owners with beetle-kil led (inactive) t imber,  and 3) landowners
with thinning operations scheduled to reduce SPB hazards.

Under a lease demonstration agreement, landowners were
required to cut and deck their own logs, provide at least two
individuals to assist SCFC personnel in loading logs and
stacking lumber, and pay $10 per board foot of lumber sawed
and a one-time $20 “setup” fee. In cases where less than
1,000 board feet was sawed, a minimum fee of $120 was
incurred by the landowner.

The maximum time allowed for each lease agreement was
2 weeks or 40 working mill hours, whichever occurred first.
Under terms of the agreement, the SCFC leased the mill and
two operators to maintain and physically operate the mill.
Lumber sawed during these demonstrations was retained by
the landowner. Lease demonstrations were open to the gen-
eral public at the landowner’s discretion.

Through December 1984, a total of 16 lease demonstra-
tions had been conducted in six different counties reaching
163 people.  An addit ional  10 lease demonstrat ions are planned
during 1985.

Sawmill studies.-Seven sawmill studies were conducted
during Phase II. These involved the collection of data to
prepare a brochure on cost analysis, efficiency, and effective-
ness of the Mobile Dimension portable sawmill.

Table 3-Summary of portable sawmill demonstrations in South Carolina for the period August 1983-
December 1984

T y p e  o f
demonstration’

P u b l i c
L e a s e
S a w m i l l study

C o u n t i e s T o t a l Mill
Demonstrations c o v e r e d visitors o p e r a t i o n

________________ Number  _______________ Hours

3 0 1 7 1 6 , 2 3 4 2 1 6
1 6 6 1 6 3 2 1 7

7 5 1 5 1 9 5

T o t a l
sawed

Board feet

4 6 , 0 2 1
4 6 , 7 8 0
1 5 , 3 8 3

T o t a l s 5 3 _- 16,548 528 108,184

’ Educational programs were presented at all public demonstrations by the South Carolina Forestry Commission and
or the Clemson University Cooperative Extension Service.
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Figure 24Jse  of portable sawmill process for beetle-killed sawlogs on nonindustrial private lands.

Variance in lumber thickness and width was measured on
boards  a t  the ends and midpoints.  Also,  logs were scaled prior
to sawing and lumber scaled following sawing to determine
the waste factor. Detailed fixed and variable costs were
recorded to determine actual costs per 1,000 board feet of
lumber produced.

During Phase 111 of the sawmill demonstration, the Com-
mission plans to develop and print a pamphlet on air drying
and stacking of lumber and a manual on cost analysis and

efficiency of the Mobile Dimension portable sawmill. Leaf-
le ts  and fact  sheets  prepared and distr ibuted during this  proj-
ect are also tabulated in table 1.

The SCFC constructed a portable display on IPM and an
appropriate sign to accompany the sawmill demonstrations.
A video program was also developed by the SCFC for use at
public demonstrations when only the mill was on display.
This program was effectively used with the sawmill at the
South Carolina State Fair in October 1983. An estimated
12,500 people visited the exhibit.

Ongoing training sessions with project  foresters ,  conducted
by the SCFC Insect and Disease Staff, focus on new IPM

technologies to encourage and stress the importance of incor-
porating IPM practices in management plans on State and
private forest  lands.

LITERATURE CITED
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T MANAGEMENT PRACTICES
IN SOUTH CAROLINA

D. L, Ham, C. Karpinski, F. H. Tainter,  and R. L. Hedden’

INTRODUCTION prevent or reduce pest  losses,  3) recommending direct  control
tactics, and 4) utilizing damaged pines.

In South Carolina,  losses caused by forest  pests  have been
unnecessari ly high,  especially  on nonindustr ia l  private  owner-
ships, which comprise over 70 percent of the commercial
forest land in the State. Southern pine beetle  (SPB), littlcleaf
disease, fusiform rust, annosus root rot (ARR), as well as
other pests ,  cause mortal i ty and gromwth  losses conservatively
estimated to have cxcceded  $8 million each  year during the
1970’s  (Anderson and others 198  1; Price and Doggett 1982).
Historically, convincing farmers and other landowners to
implement sound forest management practices,  which would
include  pest managcmcnt, has been  very difficult.

APPROACH TO MEETING THE OBJECTIVES

IPM Technology Evaluat ion

Private landowners (as well as Inany  professional foresters)
lack a real  understanding of the value and compatibility of
forest/pest management practices  with various ownership
objectives. As a result, pest management has often  been left
to chance, and serious losses have occurred when landowners
have had to respond  to crisis situations.

A demonstration project involving the cooperative efforts
of Clemson University, the South Carolina Forestry Com-
mission, and the USDA Forest  Service  appeared to be the
best  way of increasing implementat ion of  the latest  pest  man-
agement approaches. Because of the  extensive  forest acreage
owned by nonindustrial private individuals, we believed that
there was primarily a need to address this ownership group.
Although considerable at tent ion was focused on this  audience,
cooperative interaction with professional resource managers
and Extension specialists also cnhancecl  efforts to reach the
principal users, the  nonindustrial landowners. Cooperative
Extension Service personnel and agency, industry, and con-
sul t ing  foresters  had the personnel  network and local contacts
to make technology transfer effective.  By receiving training,
materials, and information through the lntcgrated  Pest Man-
agement (IPM) project,  these professionals  also increased our
ability to disseminate information and, in all cases, partici-
pated in a true cooperative spirit,

Initial activities involved evaluating existing pest manage-
ment  technology and determining i ts  potent ia l  for  use in  South
Carolina. Suitable existing materials were either used in their
original form or modified for local needs. SPB risk/hazard
rating systems were reviewed to determine which ones land-
owners could use to identify stands that needed cultural
treatment.  Part icular  emphasis  was given to the Coastal  Prob-
ability and Piedmont Probability systems (Hedden 1985a,
1985b). Computer software was also evaluated and, if found
to be suitable, incorporated in the project. Specific software
included CLEMBEETLE (Hedden 1985c), IPM Decision Key
(Anderson and others 1982), FUSIFORM RUST-SLASH
(Nance  and others 1983), and YIELD, a timber yield forecast-
ing and financial planning program (Hepp 1984).

Video materials and supplies of publications on the four
pests were obtained and distributed (table 1). In addition,
decisions were made concerning the development of new
IPM printed and video material. Finally, different types of
portable sawmills  were compared.  A Mobile Dimension Saw@
(described by Remion and Boone in section 11) was purchased,
assembled,  and transferred to the SC Forestry Commission to
promote better utilization of pest-killed pine timber.

Developing New Materials and Techniques

Our ultimate goal was to provide  the most up-to-date tech-
nology on forest  pest  management  and to present and demon-
strate it in a manner that would convince landowners of its
value and applicability to their specific situations. This
approach was in keeping with our philosophy throughout  the
project  that  technology transfer  must  go beyond s imply pack-
aging information. It must interpret results and information
while educating the user about its value and applicability.

The project focused on the major pest problems in South
Carolina, the SPB/littleleaf problem  in the Piedmont and fusi-
form rust and annosus root rot in the Coastal Plain. Specific
emphasis  was placed on:  1)  Rat ing s tand suscept ibi l i ty  to  pest
attack, 2) encouraging cultural or management practices to

As the project  moved into the development phase,  produc-
ing quality printed and videotaped material was a high
priority, To accomplish this, a graduate assistant in graphic
arts joined the project to help with photography; handle all
aspects of publication layout, illustration, and typesetting;
and help with design and printing of exhibit materials (table
1).

Project idet@ication.-To  focus attention on the IPM
project, a logo was designed and used on all materials pro-
duced during the project (fig.  1).  The logo was so well  received
that the Clemson University Cooperative Extension Service
IPM Committee asked to use it on all Extension Service
IPM-sponsored materials and programs in South Carolina. In
addition, a similar (but different) logo was designed for 4-H
Club IPM programs. The logo idea proved very effective in
drawing attention to the project.

’ Respectively, Associate Professor, former Extension Forester, and Professors,
Department of Forestry, Clemson University, Clemson, SC.

Both the Coastal Probability and the Piedmont Probability
hazard-rating systems were modified to make them more use-
ful to professional foresters and landowners without technical
background. For each system, a card was printed for field use
in stand ratings. A leaflet was also published to explain each
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f&k  l-Publications, movies, and videotapes produced by the South Carolina Demonstration Project

D e s c r i p t i o n T i t l e A u t h o r
D a t e

r e l e a s e d

L e a f l e t s

Clemson Univ. Coop.
Ext.  Sew., For.
Leafl. 5 (6 p.)

I d e n t i f y i n g  t h e  s o u t h e r n
p i n e  b e e t l e

Clemson Univ. Coop. S a l v a g e  r e m o v a l :  a  m e t h o d
Ext. Serv., For. f o r  c o n t r o l l i n g  s o u t h e r n
Leafl, 6 (6 pi) p i n e  b e e t l e  i n f e s t a t i o n s

Clemson Univ. Coop.
Ext. Serv., For.
Leafl. 7 (6 p.)

Cut and leave: a method for
c o n t r o l l i n g  s o u t h e r n  p i n e
b e e t l e  i n f e s t a t i o n s

Clemson Univ. Coop.
Ext. Serv., For.
Leaf1  6  (4 p,)

E s t i m a t i n g  p o t e n t i a l  l o s s
from the southern pine
b e e t l e

Clemson Univ. Coop.
Ext. Serv., For.
Leafl, 9 (6 p.)

Portable sawmill operators
i n  S o u t h  C a r o l i n a

Clemson Umv.  Coop.
Ext. Serv., For.
Leafl. 10  (8 p.)

So. you want to buy a
p o r t a b l e  s a w m i l l !

Clemson Univ. Coop.
Ext. Serv.,  For.
Leafl. 11 (6 p.)

P r e d i c t i n g  p o t e n t i a l  l o s s
t o  s o u t h e r n  p i n e  b e e t l e  i n
natural stands in the
P i e d m o n t

Clemson Univ. Coop.
Ext. Serv.,  For.
Leafl. 12 (6 p.)

Don’t leave your trees to
rot utilize them!

Clemson Univ.  Coop.
Ext. Serv., For.
Leafl. 13 (6 p.)

P r e d i c t i n g  p o t e n t i a l  l o s s
t o  s o u t h e r n  p i n e  b e e t l e  i n
t h e  C o a s t a l  P l a i n

Clemson Univ. Coop.
Ext. Serv., For.
Leafl. 14 (4 pi)

E s t i m a t i n g  p o t e n t i a l  l o s s
t o  s o u t h e r n  p i n e  b e e t l e  i n
t h e  C o a s t a l  P l a i n

M o v i e s

“The New Breed” A 15min.  16 mm film on portable sawmills as a tool in pest management
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Figure l.--Logo  for the Integrated Pest Management Demonstration
Project ~n  South Carolina.

system and use of‘  the card. These publications, Forestry
Leaflets Nos. 8, 1 I, 13, and 14, are listed in table 1.

Tec/mo/og~~  rrduptdm. ---Another modification of exist-
ing technology was the conversion of‘ the SPB management
simulation model CLEMBEETlX  from the mainframe com-
puter to microcomputer versions.  These were considered more
accessible and would bc more widely  used by foresters in
assisting landowner5  in pest management decisionmaking.
CLEMBEETLE was converted to run on Radio Shack TRS
80 models II, 12, and 16, and on Apple 11. The Radio Shack
version was distr ibuted to al l  county Extension offices where
it would be readily acccssiblc  to Extension and South Caro-
lina Forestry Commission personnel.  The USDA Forest  Ser-
vice and other State forestry agcncics  with Apple II comput-
ers were primarily intercstcd  in the Apple version. , ,

CLEMBEETLE and other decisionmaking models can
illustrate the impact of pests under  various site, stand, and
pest conditions and, indirectly, indicate management prac-
tices  to  minimize pest  impact .  To maximize  preventive efforts,
however, the models should be used and stand treatments
implemented when pest  populations are at endemic levels.

Promotional muterids.  - --Rccausc  of the impact and impor-
tance of the SPB in South Carolina. three additional Forestry
Leaflets (Nos. 5, 6, and 7) were  developed.  Respectively,
these dealt with identifying the southern pine beetle and its
control using salvage removal and cut-and-leave methods.
These  leaflets have been widely  used, including a request
from the Louisiana Forestry Commission for 300 copies of
each for  dis tr ibut ion in that  State .  The Georgia Forestry Com-
mission also requested that we make minor modifications
(State name and logo changes)  to  L,eaflets  Nos. 6, 7, 8, and
11~  and make them available for reprinting  and distribution in
Georgia.

To promote the increased utilization of pest-killed timber,
three Forestry Leaflets (Nos. 9, 10,  and 12) were published
that dealt with the use of portable sawmills. In addition,
posters or charts were  developed that illustrated the finan-
cial returns possible frotn utilizing a portable sawmill onsite

for landowner consumption of wood products rather than
sell ing pest-ki l led t imber for  lower priced  products (i .e. ,  pulp).
Other publications relative to portable sawmills and a study,
“Economic and Operational Analysis of Portable Sawmill,”
are underway at this writing.

Exhibits featuring the overall IPM project as well as pest
management computer applications were developed. The IPM
Newsletter was started and is now published on a periodic
basis. Considerable movie and videotape footage was taken.
As a result, two 16 mm movies, “The New Breed,” (dealing
with the portable sawmill) and “Littleleaf,” and three video-
tape public service announcements about the SPB were
produced. In addition, videotapes about fusiform rust and
annosus root rot are now being prepared. A slide-tape on
lit t leleaf  disease is  also being provided,  and the USDA Forest
Service assisted in developing and implementing a littleleaf
stand hazard-rating system for use on the Sumter National
Forest in South Carolina (see related report by Hoffard and
Oak, section II).

Computer applications.-The final area explored during
the project was computer applications of IPM. This involved
three distinct approaches. First of all, software service was
provided to professional  foresters and county Extension per-
sonnel in South Carolina. This included the distribution of
pest  management decisionmaking software.  In addit ion,  assis-
tance was provided or the software actually run on both micro-
computers and the mainframe computer at Clemson using
data supplied by private landowners, agencies, and forest
indus t ry .

Second, electronic mail was used to quickly transmit IPM
information to the field on a timely basis. The third area
involved the use of an interactive call-in system. This tech-
nique disseminated information on pest  s tatus but  was a  more
passive approach than electronic mail. Text information on
various pests as well as a bulletin board for meetings or
activities related to pest management were included in the
interactive call-in system, which was designated as the Pest
Management Information Center (PMIC) at Clemson Univer-
sity.

Clemson Extension Forestry maintained the PMIC on a
TRS 80 model 16B microcomputer that was compatible with
the statewide network of computers in each of the county
Extension offices. Considerable time and effort were devoted
to developing the software for handling the information on
the host microcomputer as well as the communications
software.

Disseminating IPM Information

Packaging and providing IPM information and manage-
ment recommendations to foresters and landowners were
rewarding aspects of the project .  The portable sawmill  demon-
strations sponsored by the South Carolina Forestry Commis-
sion in cooperation with the local county Extension offices
provided an excellent means of attracting landowners to field
demonstrat ions and workshops.  An educational  program could
then be presented that concentrated on local pest  management
problems and solutions as well as the economic justification
for utilizing a portable sawmill. Various other county Ex-
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tension-sponsored landowner meetings provided a similar
opportunity to present IPM  inl&mation.

IPM  mformntion was also presented to professional  groups
in South Carol ina and clscwhere  in  the  Southeast .  Publ icat ions ,
exhibits, and computer  clemonstrutiorls  were otten  used to
promote the pro.jcct  activities and philosophy. An Annosus
Root Rot Workshop (Wedgefield, SC’, May 23, 1984) that
addressed the latest  annosus  sampling and nlanagement  strute-
gieb  and economic considerations was  well received. The
1985 Clemson Forestry Forum (March 12,  1985) involved
many LPM workers and covered  moht  of the  major pests. The
pro,ject  staff also participated in ;I  sratcwide  Extension [PM
tour that provided an excellent oppc,rtunity  to promote and
gain support  for forestry IPM  programs with  State  and National
Extension administrators,

Five t racts  established during an earl ier  demonstrat ion proj-
ect were utilized. This involved  working with five landown-
ers with very different management  ob.jectives.  The goal of
the prqject  was to demonstrate that  pest  management consid-
erations could and should bc  incorporated during the early
stages of the forest management plan preparation regardless
of the landowners’  management object ives.  Consult ing forest-
ers cooperated in tlhe  lrraject  by assisting in the planning
stages and implementing the silvicultural recommendations
that included approaches to minimize the potential for SPB
attack. These demonstration arcas  arc  now heing used to
illustrate this approach to other landowners in the State.

Publications, Movies, nrrd  Videotapes Produced

There were IO publications, 2 feature films, and 3 video-
tapes procluced  during the demonstration project. These are
summarized in table 1.

IMPACT OF DEMONSTRATION PROJECT ON
SOUTH CAROLINA FORESTS

The guiding philosophy throughout the project was that
successful persuasion of foresters and landowners to imple-
ment IPM  strategies required presentation  of the information
in a professional, innovative manner. However, regardless of
how good the informatian and materials ,  landowners must bc
motivated to implement them. A good return on an invcst-
ment is one of the best  motivators of all. With this logic
foremost, every opportunity was used to emphasize the  eco-
nomic benefit of implementing pest management practices.
Computer growtll  and yield software with financial analysis
was especially helpful in making this :I successful approach.

Stressing the economic impact  of  underut i l iz ing pest-ki l led
timber made the portable sawmill successful. For example,
landowner,s  were told that loggers seldom bought small vol-
ume.s  of trmber  because the high costs involved in moving
equipment and personnel make it uneconomical. However,
when a logger is willing to cut small volumes of salvageable
sawtimber, landowners will normally have to accept a sub-
stantial  reduction in price to compensate the logger for  these
aclditional  costs. Figure ? was  used to illustrate that the price
range paid for salvaged trees is consistently lower (usually
pulpwood prices) than their potential value as sawtimber.

$ 1 0 0 0

9 0 0

8 0 0

7 0 0

2
3  6 0 0
5

i! 5 0 0

4 0 0

3 0 0

2 0 0

1 0 0

A

B
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Number of salvaged trees
(Trees 10 ” DBH with 2.5 logs)

Figure 2-Price range for green sawtimber compared with price
r a n g e  f o r  p u l p w o o d  t h a t  i s  c o m m o n l y  p a i d  f o r  s m a l l  v o l u m e s
o f  p e s t - k i l l e d  t i m b e r .

Rather than sell pest-killed timber for pulpwood prices or let
it go to waste, landowners can use portable sawmills to cut
quality lumber at a cost well below market price.

Once the “dollar and cents” costs and returns from utiliza-
tion had the attention of the audience,  they were usually very
receptive to considering other aspects of pest management.
The economic approach also caught the attention of county
Extension Service personnel. County agents routinely assist
farmers and landowners with small  holdings in the cost /benefi t
aspects of their  agricultural  operations.  As a result ,  they have
the confidence of that audience and can be very effective in
disseminating forest pest management and economic infor-
ination.

Initiation of three pest management projects by county
Extension personnel is evidence of some of the IPM project
impact on this audience. Two field projects to demonstrate
the economic justification of thinning to reduce SPB losses
are being installed.  Another project to hazard rate pine stands
in one county for annosus root rot and establish demonstra-
tion plots has also begun. These projects were initiated by
county personnel  ‘using funding obtained through the Clemson
University Cooperative Extension Service IPM Committee.

Many of the approaches used in the South Carolina Demon-
stration Project had a positive influence on other IPM pro-
grams in South Carolina. The Extension IPM Committee,
aware of the magnitude and commitment of the project, sup-
ported and promoted many of i ts  ideas and approaches.  Some
of these innovations, such as the IPM logo and computer
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communications software, have been adapted for 1PM  pro-
grams concerned with pests of other commodities in other
university departments. Forestry interests will certainly be
actively represented  on the Extension  IPM Committee in the
future.

The Pest Management Information Center -will continue to
be maintained on the  Radio Shack system  or possibly in the
future on a larger statewide computer  communications system.
Computer communications is a dynamic new area, and this
demonstrat ion project  has been  in t ’ lucnt ia l  in  in i t ia t ing  i t s  use
for pest management information dissemination in South
Carolina.

The 1PM  project provided the  Department of Forestry and
the Cooperative  Extension Scrvicc at Clemson  University
with the funding and flexibility to initiate a very ambitious
pest management demonstration project. However, our
responsibilities, attention, and work in integrated forest pest
management  will not stop with the termination of Federal
funds. Activities during the IPM project have built an excel-
lent foundation for future work and successful approaches
have been  developed that will continue to be used and
improved. One of the important successes of the project was
establishing  the commitment of county Extension personnel
to forest IPM. This will ensure the demand and continuing
support for our forest pest management Extension work and
dissemination of information.
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SOUTHERN PINE BEETLE TECHNOLOGY
TRANSFER IN TEXAS

R. F. Billings, C. M.  Bryant, V, t-4. A. Pase, III, K. A. Wilson, and C. Walker’

INTRODUCTION Table l-Membership in landowner advisory board

Outbreaks of the southern pine beetle (SPB) have  been
notably persistent and severe  in the I2 million acres of com-
mercial forest lands in east Texas. In one continuous out-

break that lasted from 1958 to 1977, more than 58,000
multiple-tree infestat ions were detected on non-Federal  lands,
accounting for an estimated loss of 154 million cubic feet of
pine timber. The threat of SPB infestations has been deemed
one of  the most  serious restraints  to improving forest  produc-
tivity on both industrial and private nonindustrial lands in
Texas.

N a m e

I r w i n  G r i l l o t
Wayne Foster
Robert Larsh
Darwin Foster
J o h n n y  S u t t o n
R o n a l d  G r e s h a m
Herbert Branch
Finis Prendergast
Gary Lacox

O r g a n i z a t i o n

C h a m p i o n  I n t e r n a t i o n a l ,  I n c .
St. Regis Paper Company
Kirby Forest Industries, Inc.
Temple-Eastex Forests
Wirt Davis Estate
Owens-Illinois, Inc.
I n t e r n a t i o n a l  P a p e r  C o m p a n y
L o u i s i a n a  P a c i f i c
Texas Forest Service

In 1980, a 5-year cooperative  project was initiated by the
Texas Forest Service (TFS) to demonstrate, validate, and
implement new technology for the integrated management of
SPB and related pests  within a two-county area of east  Texas.
The demonstration area corresponded to TFS administrative
District 9, consisting of Polk and Tyler Counties in their
entirety. These two counties consistently ranked among the
more heavily infested counties during the 1958-77 SPB
outbreak. Collectively, Polk and Tyler Counties contain over
l,lOO,OOO  acres of commercial forest lands of which 870,000
acres (77 percent) are in SPB host type (pine or oak-pine).
The topography ranges from highly susceptible lowland si tes
to less susceptible rolling hills and uplands. Landownership
is typical of southeast Texas counties, consisting of 76 per-
cent industrial ownership, 23 percent nonindustrial, and 1
percent public lands (Kirby State Forest and the Beech Creek
Unit of Big Thicket National Preserve).

personnel to review plans and accomplishments and to pro-
vide guidance in project activities.

The overall goal of the demonstration project was to
acquaint concerned landowners, both industrial and private,
with new technology available for the predict ion,  prevention,
evaluation, and suppression of the SPB. Development,
implementation, and validation of new SPB prediction and
hazard-rating systems in Texas also were important features
of this technology transfer effort.

APPROACH TO MEETING OBJECTIVES

SPB Hazard Maps

The intended audience targeted  by the East Texas Demon-
stration Project included the ma,jor  forest industries in Texas,
Texas Forest Service field foresters, and small, private land-
owners in the area. Major forest industries in Texas were
involved directly in the project through the formation of a
landowner advisory board (table I). This nine-member board,
consisting of one representative  from each major company
and the TFS Area Forester, met  periodically with project

’ Wespectively,  Principal Entomologist ancl  Entomologists, Texas For-
est Service, Lufkin, TX; and District Forester, Texas Forest Service,
L i v i n g s t o n ,  T X .

(Many Texas Forest Service personnel provided assistance in vari-
ous aspects of this demonstration project, including Martha Johnson,
A n i t a  W e i s e n g e r ,  C h a r l e s  W a r e ,  A l a n  S m i t h ,  S t e v e  T r a c y ,  D a v i n  Ivans,
Mike Caughey, Carol Riggs, Elmer Freshour, Pat Bryant, Dan Mott,
Elray Dominey, Tom Hartz, Ed Barron,  and the District 9 field crews.
We also thank Dr. Robert Maggio, Cathy Wilson, Ken Morris, and
Russel Irons for their assistance with hazard map digitization, and
Charles Palmer, Texas Natural Resource Information Service, for pro-
viding aerial photographs and generating the final grid block hazard
map. Their efforts contributed greatly to the success of this project)

Research in recent years has documented that high basal
area per acre, large-size trees, and poorly drained bottom-
land si tes are associated with a high incidence of SPB infesta-
tion in east Texas. TX HAZARD, a hazard-rating system
based on these factors (Mason and others 1981), was used to
develop hazard maps for all pine stands greater than 10 acres
in size in the two-county area (table 2). Stand data were
obtained from 1978 color-infrared (CIR) print photography
(scale = 1:20,000).  Stand delineations were made and
parameters of percent pine, percent crown closure, average
d.b.h.,  pine basal area, and stand height were interpreted
from the photos for each pine stand. Stand delineations were
then transferred to acetate overlays for United States Geologi-
cal Survey (USGS) orthophoto quadrangle maps (scale =
1:24,000),  using a Kail reflective enlarger. Landform clas-
sifications, generated from USGS topographic maps, were
combined with stand data to generate an SPB hazard classifi-
cation (low, moderate, high, or extreme) for each stand (fig.
1).

An 85 percent correct classification of hazard was verified
by visiting a 10 percent random sample of the stands in each
quadrangle and measuring the actual hazard on the ground
using the hazard-rating guide (TX HAZARD) shown in table
2. In  the same manner, ca. 50 percent of all stands classified
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fable %--Method  of rating relative susceptibilify  of pine stands to SPB  attack and timber loss in a two-
county arm in east Texas.

SOURCE: Mason, G,N.  TX HAZARD. In: Mason, G.N.;  Hertel,  G.D.;  Thatcher,
R.C.,  compilers. Predicting southern pine beetle and disease trends.
Pinevillc,  LA: U.S. Department of Agriculture, Forest Service, South-
ern Forest Experiment Station and Southern Region Forest Pest
Management; 1965:62-63.  [Administrative training  aid]

as high or extreme hazard were visited on the ground to
confirm correct classification. IHigh altitude CIR NASA posi-
tive transparencies taken in July 1980 and January 198 1 were
used to update the stand and hazard classifications of those
stands that had been logged or thinned since 1978. The final
hazard maps were reproduced in 5 mil chromatic film and
later digitized by personnel of the Texas A&M University
Department of Forest  Science for permanent storage and sub-
sequent updating. Acreages were computed for each hazard
class and ownership category.

Copies of the SPB hazard maps pertaining to a given own-
ership were provided to each major forest  industry with hold-
ings in Polk and Tyler Counties. Also, a complete set of
maps was provided to  the TFS Distr ic t  9  off ice  in  Livingston.
To encourage hazard reduction, each company was also given
a listing of all high- and extreme-hazard stands on their lands
and asked to provide feedback to project personnel with regard
to which stands were to be treated prior to 1985.

Many of the stands rated as high or extreme hazard are
located on nonindustrial  private lands.  These landowners were
contacted either in person by TFS district personnel or by
mail  to inform them of the s i tuat ion and to encourage silvicul-
tural  t reatments .

Of the 754,535 acres of current pine host type (>  10 years
of age) in Polk and Tyler Counties in 1981, 57,038 acres (8
percent) and 29,739 acres (4 percent) consisted of stands
rated as high and extreme hazard to SPB, respectively. Of the
total acreage in high- and extreme-hazard stands, 56 percent
belonged to forest industry, 39 percent to small private
landowners, and the remainder (5 percent) to the Big Thicket
National Preserve.

A survey was conducted in 1983 to document the extent to
which high- and extreme-hazard stands had been treated since
1981 to reduce SPB hazard. A random sample representing
10 percent of all such stands on private lands and 13 percent
on industrial lands was revisited during the summer and fall
of 1983. Results revealed that during the ‘L-year interim, 24
percent of all  high-hazard stands had been harvested on indus-
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trial lands, 33 percent had been thinned, and 43 percent had
received no treatment. On small private holdings, the respec-
tive figures were 8 percent harvested, 13 percent thinned, and
79 percent no treatment.

With the return of high populations of SPB in 1983 and
1984, an opportunity was provided to validate these stand
hazard maps. The locations of spots reported from detection
flights (68 in 1983 and 232 in 1984) were correlated with
stand hazard classifications. Results (fig. 2) served to vali-
date the TX HAZARD system. More than three times as
many infestations per 1,000 acres of hazard class occurred in
stands rated as high or extreme hazard as in those rated as low
hazard. Also, many of the spots reported in stands rated as
low or moderate hazard were found to occur in “high hazard”
pockets of dense timber. The reduced occurrence of spots in
stands rated as extreme hazard in 1984 probably reflects the
fact that a greater number of these stands have been thinned
or harvested since 1981 compared with stands in the other
hazard categories.

An unexpectedly high number of infestations was recorded
in 5- to 14-year-  old pine plantations, particularly during 1984
(fig. 2). This observation suggests that SPB is capable of
expanding its range of hosts to include plantations as young
as 5 years of age.  Interestingly,  of 106 infested stands ground
checked by project personnel in the demonstration area in
1984, 98 percent had either never been thinned or had
remained unthinned for at  least  the past  6 years.  This test if ies
to the benefits of thinning as a preventive tool.

Areawide  Hazard-Rating System for SPB

A practical  system for mapping the abundance and distr ibu-
tion of suitable habitat for SPB was developed to quantify
areawide  hazard for all commercial pine forests in east Texas
(Billings and Bryant 1983). The system was developed by
comparing the frequency of SPB infestations per TFS grid
block (18,000-acre  unit) during the period 1973-77 to host
conditions prevailing within the grid block at the time, the



Flgure  1 (a)-Project forester Charles Bryant delinates forest stands
o n  c o l o r  i n f r a r e d  s t e r e o  a e r i a l  p h o t o g r a p h s ,  o n e  s t e p  i n  t h e  p r o c e s s  o f
developing southern pine beetle hazard maps. (All photos courtesy
Texas Forest Service.)

latter information sampled from I974  high-altitude aerial
photography.  To hazard rate a grid block with this  system, 20
systematically distributed 30-acre  circular photo plots are
inventoried for the presence of pine host  type,  i ts  density and
percent coverage, and landform in a s imple dichotomous (yes
or no) sampling procedure. Values are then used in a hazard-
rating equation to discriminate between high-hazard grid
blocks and those in which the host  condit ions are insuff icient
to support outbreaks of the beetle. The final product is an
areawide  hazard map showing the distr ibution and abundance
of pine host type and areas where severe beetle problems are
most likely to occur.

To date, 656 grid blocks covering over 11,800,OOO  acres
have been hazard rated using current 1980-83 aerial photog-
raphy (scale = 1: 120,000). Currently, 5 percent, 11 percent,
and 84 percent of the grid blocks are rated high, moderate,
and low hazard, respectively, in central and southeastern coun-
ties of east Texas. In a further application, the current hazard
rating for each grid block was combined with the frequency
of SPB infestations detected in 1982-83 in the same grid

F i g u r e  1 ( b ) - E x a m p l e  o f  f i n a l  s o u t h e r n  p i n e  b e e t l e  h a z a r d  m a p  f o r  a  p o r t i o n  o f  t h e  t w o - c o u n t y  d e m o n -
s t r a t i o n  p r o j e c t .
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Figure 2-Average numbers of southern pine beetle infestations (10
or more trees) detected in Polk and Tyler Counties during 1983 and
1984 by stand hazard class.

block (table 3). The result was a risk classification or forecast
of which specific grid blocks in east Texas would most likely
suffer beetle outbreaks in 1984. Prior to the 1984 beetle
season, a listing of extreme-, high-, moderate-, low-, and
very low-risk grid blocks was distributed to forest industry
and TFS field foresters. Other interested clients were notified

through ‘ ‘Texas Forestry, ’ ’ the monthly publication of the
Texas Forestry Associat ion.

Records of 6,166 confirmed SPB infestations (spots)
detected in east Texas within 504 grid blocks during 1982-
1984 were compiled and summarized to validate the grid
block hazard-rating system. Over the 3-year validation period,
the average number of spots per grid block was 62.9 in high-
hazard grid blocks, 20.7 in moderate-hazard grid blocks, and
6.6 in low-hazard grid blocks. Infestation levels by grid block
hazard class for 1982-83 and 1984 are illustrated in figure 3.

A postseason evaluat ion of  SPB risk classif icat ions,  based
on 4,759 muliple-tree infestations detected in east Texas in
1984, revealed that the 10 grid blocks rated as extreme risk
supported an average of 89.2 spots per grid block (ca.  5 spots
per 1,000 acres). By contrast, those identified as high,
moderate, low, and very low risk had an average of 40.1,
16.9, 11.1, and 3.6 spots per grid block, respectively. Clearly,
the basic objective of the risk-rating system was met: 26
high- and extreme-risk grid blocks were identified prior to the
1984 beetle season. By the end of 1984, these grid blocks,
representing only 5 percent of the outbreak area, had sup-
ported a disproportionate number (32 percent) of all new
infestat ions.  This  r isk-rat ing system is  to  be updated annual ly
with the previous year’s infestation records. A new list of
grid blocks by r isk category wil l  be distr ibuted to f ield person-
nel in preparation for each new beetle season.

Aerial Photo Missions and the Loran-C

From 1980-82, black-and-white stereo aerial photographs
at a scale of 1: 15,840 were obtained for 30 USGS 15-foot

Table 3-Procedure used to assign 1984 risk classes to TFS  grid blocks, based on hazard class and recent beet/e
i n f e s t a t i o n  level

G r i d
b l o c k
h a z a r d

H i g h

h a z a r d
(3)*

M o d e r a t e
(1)

h a z a r d

L o w

h a z a r d
(0)

SPB Infestation index (spots/grid block in 1982 and 1983)

o(o)‘* l-10(1)

M o d e r a t e H i g h

l i-30(2)

H i g h

>30(3)

E x t r e m e

L o w M o d e r a t e M o d e r a t e H i g h

Very
L o w L o w M o d e r a t e M o d e r a t e

Risk rating points = hazard points + population index points + proximity points***

Where 6 or 7 = Extreme risk of SPB infestations in 1984
4 or 5 = High risk
2 or 3 = Moderate risk

1 = Low risk
0 = Very low risk

-

R

I

S

K

-

* Hazard points
** P o p u l a t i o n  i n d e x  p o i n t s

***  If grid block is located adjacent to a high-hazard grid block having >30  spots = 1 point.
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Figure  3-Average numbers of southern pine beetle infestations (10
o r  m o w  t r e e s )  d e t e c t e d  i n  T e x a s  F o r e s t  S e r v i c e  g r i d  b l o c k s  (l&000-acre
units) during 1982-83 and 1984 by grid block hazard class.

quadrangles in east Texas, covering 4.9 million acres. These
photo missions were flown with a Texas Forest Service De
Havilland Beaver equipped with a Zeiss 9- by 9-inch  format
camera and a Loran-C radio navigation system. These mis-
sions provided an opportunity to test the Loran-C, a naviga-
tional system that has greatly aided aerial photography and
SPB survey flights (Dull 1980). These  tests revealed that the
Loran-C operated -well  in most areas of east  and central  Texas,
except near latitude N 30” 30’ where performance was erratic
and unreliable. East Texas is located along the western fringe
of the Southeast cT.S,  Loran-C Chain, which causes opera-
tional problems in certain areas.

‘The aerial photographs have been very beneficial to field
foresters for forest and pest management  work. Also, the
photography has served as the foundation for updating quad-

rangle maps used by the TFS and forest  industry for SPB and
fire detection. A library of aerial photo negatives is main-
tained at the Pest Control Section oflice in Lufkin,  where
prints are available upon request to all interested parties.

SPB Decision Support System

A computer-based Southern Pine Beetle Decision Support
System has been developed at Texas A&M University in
cooperation with the East Texas Demonstration Project. A
completed version is now available for use. The system is
designed to help decisionmakers organize and use available
information and technology to address  SPB-related problems.
Computer models used to project stand growth, predict SPB
spot growth, evaluate economic impact, ascertain the costs
and benefits of control efforts, evaluate utilization options,
and hazard rate stands are linked by an interactive executive
program. In addition, an information system provides SPB
“fact sheet” recommendations for particular problems.

As a part of the demonstration project, the Pest Control
Section is testing and implementing various components of
the system. Several  spot  growth and damage predict ion mod-
els have been compared with actual spot growth data.
Modifications based on these tests have improved overall
model performance.  Approximately 30 infestat ions were moni-
tored in 1982-83, and data from these spots have been used
to further validate the models.

Microcomputers and IPM

An Apple III  microcomputer and peripheral equipment were
instal led in  Lufkin and contr ibuted s ignif icant ly  to  the qual i ty
and efficiency of Forest Pest Control Section operations as
well  as the integrated management of  SPB. Word processing,
statistical analysis, data transfer, data compilation, commun-
ications, and decision support are among the areas in which
the microcomputer system has been used.

Additional microcomputer facilities were installed at Luf-
kin and the Texas Forest Service District 9 office in Livingston.
These systems provide f ield foresters with access to available
microcomputer technology for forestry and forest pest man-
agement and increase the efficiency of SPB operational data
transfer.

Several SPB models were programmed for access on the
Apple III microcomputer. These include the IPM Decision
Key developed by the USDA Forest Service (Anderson and
others 1982), stand hazard models (Mason and others 1981),
TFS spot growth models (Billings and Hynum 1980), and
annosus  root rot management guidelines (Alexander and
Anderson 1982).  Advantages of having models on the micro-
computer include ready accessibil i ty (no phone l ines required),
low cost of operation, and the interactive mode. A major
roadblock to the prompt transfer of computer-based SPB
models, however, is the fact that most State and industrial
field offices in Texas currently do not have access to com-
puter hardware. This limitation should be overcome in time
as the cost of microcomputer hardware declines and more
field foresters gain access to such equipment.

Por tab le  Sawmi l l

To increase the utilization of beetle-killed trees on small
private holdings, the project purchased a Mobile Dimension
Saw@  in 1980 and installed it on a 22-foot trailer. Three TFS
technicians were trained in sawmill  operation and maintenance.
The utility and availability of this portable sawmill were then
advert ised by means of demonstrat ions,  folk fest ival  parades,
news releases, and television reports. The sawmill, together
with a trained operator,  has been leased to numerous landown-
ers in Polk and Tyler Counties to convert green or beetle-
killed trees to rough-cut dimension lumber (fig. 4). Although
cost of operating the mill averaged $0.08 per board foot,
productivity was found to vary with size and quality of logs,
dimension of lumber sawed, and experience of mill operators.
The largest job to date consisted of 14,000 board feet of
beetle-killed trees sawed on the Alabama Coushatta Indian
Reservation. The sawmill provides a practical alternative to
those local landowners unable to sell their beetle-infested
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Figure  4(a)--Portable sawmill used in the East Texas Demonstration Project to produce rough-cut
dimension iumber  from beetle-killed pines.

timber to salvage contractors. Since successful implementa-
tion of the portable sawmill in the east Texas demonstration
project, other sawmill operations with similar equipment have
been initiated in Texas, South Carolina, and other southern
States to utilize beetle-killed trees.

Technology Transfer

F i g u r e  4 ( b ) - P r o j e c t  c o o r d i n a t o r  R o n  B i l l i n g s  d e m o n s t r a t e s  t h e  p o r t a b l e
sawmill as part of a landowner tour on the Kirby State Forest near
W o o d v i l l e ,  T X .

Considerable effort was devoted to technology transfer
throughout the durat ion of the demonstrat ion project .  Project
plans and accomplishments,  the availabil i ty of  new pest  man-
agement technology, and SPB status reports were communi-
cated to east Texas landowners and to other interested parties
by means of a newsletter entitled “Spotlight on Southern
Pine Beetle.” This single-page newsletter was prepared and
distributed quarterly throughout the duration of the project.
Plans are to expand this newsletter to include other pests of
importance to Texas forestry and widen the distribution
throughout east Texas. Accomplishments in the demonstra-
tion project also were the subject of other news releases,
seminars, and landowner tours. Demonstrations of the porta-
ble sawmill served to increase attendance at numerous land-
owner meetings held to spread the word of project activities.
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Field crews with TFS  and forest  industry were trained in
new procedures for aerial detection, setting ground check
priorities, direct control tactics, and beetle prevention (fig,
5). To communicate new technology available for detection,
suppression, and prevention of  SW,  two new publications
were issued. One, a pocket-size booklet entitled “Southern
Pine Beetle-Field Guide for Hazard Rating, Prevention and
Control” (Texas Forest Service Cfirc.  259), has received  wide
acclaim, not only in Texas but across the South. The second
publication, prepared in the  format of a USDA Agriculture
Handbook for distribution southwidc as part of the IPM
program’s Integrated Pest Management Handbook series, is
entitled “How to Conduct a Southern  Pine Beetlc  Aerial
Detection Survey” (Texas Forest Service Publ. 267). In
addition, videotape training pt-ograms  have been prepared on
new aerial detection and ground cheek  procedures. A com-
plete l is t  of  publicat ions and audio-visual  materials  produced
by the East Texas Demonstration  Project appears in table  4.

Members of the Landowner Advisory Board were encour-
aged to communicate project  accolllplishrrlcnts  to  others  wi thin
their respective organizations. Even  alter completion of the
demonstration project ~ training aids, demonstrations, and
publicat ions wil l  be used in a  continuing effort  to  provide the
Texas forestry community with the  latest technology for intc-
grated management of SPB.

Flgure %-Project  en tomologis t  J o e  P a s e  c o n d u c t s  f i e l d  t r a i n i n g  o n
improved methods for evaluating a southern pine beetle infestation
and setting control priorities for the benefit of Texas Forest Service
district crews.

Table G-Publications and audiovisual materials produced during the East Texas Demonstration Project, 1980-85
--__I_.-__

D a t e
D e s c r i p t i o n T i t l e Authors r e l e a s e d.-.

Procedural guides

Tex. For. Serv.
Circ.  259, IO  p.

S o u t h e r n  p i n e  b e e t l e :  f i e l d
g u i d e  f o r  h a z a r d  r a t i n g ,
p r e v e n t i o n  a n d  c o n t r o l

Billings, RF.;
Bryant, CM., V

1 9 8 2

Tex. For. Serv.
Circ.  267, 19 p.

How to conduct a southern
p i n e  b e e t l e  a e r i a l  d e t e c t i o n
survey

Billings, RF.;
Ward, J.D.

1 9 8 4

T e x .  A g r i c .  E x p .
S t n .  M P - 1 5 1 8
2 4  p .

P r o c e d u r a l  g u i d e  f o r  u s i n g
the interactive version of
t h e  T A M B E E T L E  m o d e l  o f
southern pine beetle popula-
tion and spot dynamics

Turnbow,  R.H.;
Coulson, R.N.;
H u ,  L . ;
B i l l i n g s ,  R . F .

1 9 8 2

J o u r n a l  a r t i c l e s

2.  a n g e w .  E n t o m o l .
96:208-216

Developing a system for
m a p p i n g  t h e  a b u n d a n c e  a n d
d i s t r i b u t i o n  o f  s o u t h e r n
p i n e  b e e t l e  h a b i t a t s  i n  e a s t
Texas

B i l l i n g s ,  R . F . ;
Bryant, CM., V

1 9 8 3

Trade magazine articles

J.  Forestry
79:816

TF News 61:12-13

Texas project gets beetle
when its down

Have sawmill: will travel-
p o r t a b l e  s a w m i l l  a i d s  b e e t l e
p r e v e n t i o n  p r o g r a m

A n o n y m o u s 1 9 8 1

B i l l i n g s ,  R . F . 1 9 8 2
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Table 4-Publications and audiovisual materials produced during the fast Texas Demonstration Project, 1980-85
( c o n t i n u e d )

TF News 622-5

Tex. Forestry
24(5):1,6,7

TF News 63:6-8

Tex. Forestry
22(7):2,  11, 12

T F S  P u b l .  1 2 7 :
1 1 - 1 7

Proceedings papers

Proc.  Society of
Am. Foresters
N a t i o n a l  C o n v e n -
t i o n ,  O r l a n d o ,  F L

T e x .  A g r i c .  E x p .
S t n .  M P - 1 5 5 3
p.  1-5

Proc.  Third
b i e n n i a l  S o u t h e r n
S i l v i c .  R e s e a r c h
Conf.
5 P.

Sot. Am. For.
P u b l .  82-05:
1 2 1 - 1 2 4

TFS Publ.  136:
1 7 - 2 1

N e w s l e t t e r s

D i s t r i b u t e d
q u a r t e r l y

--

S o u t h e r n  p i n e  b e e t l e  i n
Honduras: new approaches to
a n  o l d  p r o b l e m

New approach developed to
forecast SPB outbreaks

S P B  h a z a r d  r a t i n g

P i n e  b e e t l e  d e m o n s t r a t i o n
project established in Polk
a n d  T y l e r  C o u n t i e s

S o u t h e r n  p i n e  b e e t l e  d e m o n -
stration project

I m p l e m e n t i n g  n e w  s o u t h e r n
p i n e  b e e t l e  t e c h n o l o g y  i n
east Texas

Forest pests in east Texas:
past approaches, future
c h a l l e n g e s

Hazard-rating system aids
southern pine beetle preven-
t i o n  i n  T e x a s

Microcomputers aid southern
p i n e  b e e t l e  m a n a g e m e n t

I P M  d e m o n s t r a t i o n  p r o j e c t

S p o t l i g h t  o n  s o u t h e r n  p i n e
beetle - progress report
from the east Texas demon-
stration project

B i l l i n g s ,  R.F.

B i l l i n g s ,  RF.
Bryant, CM.

Bryant, CM.

Tex. For. Serv.

Tex. For. Serv.

B i l l i n g s ,  RF.

B i l l i n g s ,  RF.

B r y a n t ,  C . M .

Bryant, CM.;
Pase, H.A., Ill;
B i l l i n g s ,  RF.

Tex. For. Serv.

AudiolUisual  Aids

Videotape program on how to groundcheck southern pine beetle infestations and set control priorities,

Videotape program on SPB aerial detection surveys (In preparation)

1 9 8 3

1 9 8 3

1 9 8 4

1 9 8 1

1 9 8 2

1 9 8 2

1 9 8 4

(In press)

1 9 8 2

1 9 8 4

S i n c e
1 9 8 0

IMPACT OF THE DEMONSTRATION PROJECT
ON TEXAS FORESTS

This  IPM  demonstration project  has proven to be a success-
ful means for implementing new SPB technology within the
State of Texas, where forest managers have long been plagued
by beetle problems. The development, application, and vali-
dation of the TFS grid block hazard-rating system is consid-
ered a major contribution to new SPB technology. This grid
block hazard-rating system provides a convenient, inexpen-
sive, and practical means for monitoring the distribution and

abundance of suitable host conditions on a regional basis.
When combined with data on recent beetle activity to provide
an annual risk classification for each grid block (table 3), the
system provides reliable and timely SPB infestation predic-
tions of value to all forest landowners and administrators in
east  Texas.

The preparation of hazard maps of all individual stands in
Polk and Tyler Counties was a time-consuming task. But,
coupled with cooperative efforts by forest industry to treat
high-hazard areas, this effort is now paying dividends. Polk
and Tyler Counties have a history of severe SPB problems.
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Yet, during 1982 and 1983, no confirmed SPB infestations
were detected in Polk County and only 74 spots (out of 1,407
statewide) were reported in Tyler County. Many of the latter
were on ownerships where forest n:~rlagement  is  not  pract iced.

In 1984, despite the occurrence of 5,120 multiple-tree infes-
tat ions s tatewide,  only 77 and 130 new  spots  (>  10 trees) were
reported in Polk and Tyler Conr+;cs,  respectively. A ranking
of counties by total numbers of 1984 spots reveals that 9
other counties had more infestations than Tyler County and
12 reported more than Polk County. This is a substantial
improvement from the previous outbreak (1973-77) when
Polk County ranked f if th and Tyler  s ixth.  Although the reduced
level of SPB activity in the demonstration area may be due
partly to factors unrelated to our project efforts, the fact
remains that  Polk and Tyler Counties have escaped the severe
SPB-caused losses that currently plague many nearby coun-
ties outside the demonstration area.

The return of  SPB to east  Texas provided an opportunity to
validate the statewide grid block hazard- and risk-rating sys-
tems as well as stand hazard maps developed for Polk and
Tyler Counties. Each system proved reliable in that the high-
est concentration of new SPB infestations occurred in grid
blocks and in stands rated as high or extreme hazard (or risk).

I CONCLUSIONS

As beetle populations increase again in east  Texas,  technol-
ogy transfer efforts have become increasingly important.
Numerous field foresters and technicians with little previous
experience with SPB are being taught effective approaches to
aerial detection, ground check evaluation, control, and
prevention. As part of its pest management responsibilities,
the Texas Forest  Service wil l  continue i ts  technology transfer
program in an effort to make landowners in other counties
aware of the latest methods for dealing with the SPB problem
in east Texas.
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DEMONST ATING EFFECTIVE MANAGEMENT MEASURES
FOR SOUTHERN PINE BEETLE IN VIRGINIA

Caleb L. Morris’

INTRODUCTION

The southern pine beetle has reached outbreak populations
in Virginia at regular lO-year intervals since the mid-1950’s.
During these outbreaks, which have ranged from 2 to 4 years
in duration, damage estimates averaged well over $1 million
per year (table 1).

A major Factor  contributing to these periodic outbreaks is
the presence of unmanaged, overmature stands of native pines,
particularly in the Piedmont, which are highly vulnerable to
beetle attack. Unthinned younger pine stands are rapidly
increasing in number in Virginia and expected to contribute
additional “beetle-fodder.”

The limited availability of woods labor for thinning young

pine stands remains a concern; more mechanized procedures
must be developed if the thinning so vitally needed is to be
accomplished.  Education of landowners,  consult ing foresters,
and forest  industry in regard to the value of  good si lviculture
is mandatory if the challenge of “beetle-proofing” Virginia’s
pine stands is to be met.

A major demonstrat ion project  funded by the USDA Forest
Service was conducted during the calendar years 1982-84.
This multifaceted prqject  strongly emphasized education

’ Chief, Insect and Disease Investigations, Virginia Division of
Forestry, Charlottesville, VA.

Table l-Southern pine beetle damage estimates in Virginia, 7960-80’

through demonstrat ion of  s i lvicul tural  techniques,  equipment ,
photo technology,  and economic s tudies .

A second demonstrat ion project  was inst i tuted in  1979 with
financial assistance from USDA Forest Service, Integrated
Pest Management RD&A Program on a State forest in Pied-
mont Virginia. It consisted of an on-the-ground application
of the IPM findings from the Expanded Southern Pine Beetle
Research and Applications Program (ESPBRAP).

A summary of the results of successful efforts to meet the
objectives of the 1982-84 demonstration project follows.

APPROACHES TO MEETING THE OBJECTIVES

Firs t  Object ive

The project’s first objective was to select five Piedmont
counties and identify high-hazard pine stands in need of thin-
ning or  harvest  (cooperat ively with Virginia Polytechnic Inst i -
tute and State University).

Standard ASCS 1:40,000  black and white photographs of
five counties (Lunenburg, Nottoway, Halifax, Mecklenburg,
and Prince Edward) were evaluated. In addition, the informa-
tion was transferred in two counties (Lunenburg and Nottoway)
to a county map, and actual measurements of the acreage in
the different hazard categories were made by Virginia Poly-
technic Inst i tute  and State  Universi ty (VPWSU).  These pho-
tos were made available to the consult ing foresters ( involved

Calendar
year2

Estimated
volume salvaged3

Cords M fbm
Total volume killed

Cords M fbm

Stumpage  values4 Total
Pulpwood Sawtimber value

$/cords $lM fbm $

1961 18,000 0 30,000 0 5.00 0 150,000

1964 63,000 0 90,000 0 6.00 0 540,000

1970 0 9,000 0 15,000 0.00 4 0 600,000

19725 4,843 14,465 6,247 28,441 6.00 4 0 1,175,122

1973 4,843 14,485 6,247 28,441 6.00 4 0 1,175,122

1974 4,843 14,485 6,247 28,441 6.00 4 0 1,175,122

1975 4,843 14,485 6,247 28,441 6 . 0 0 4 0 1,175,122

1976 4,843 14,485 6,247 28,441 6.00 4 0 1,175,122

1977 159 0 265 0 6.79 0 1,800

1979 5 0 0 200 0 6.70 9 1 1,339

1980 90 0 389 0 8.25 69 3,209

’ Information collected from State and Federal pest control specialists.
’ Initial year based on available State records.
3 Includes estimates on Federal, State, and private lands.
4 Estimates from State pest specialists, same values assigned to timber salvaged.
’ A total of 31,230 cords and 142,205 M fbm was reported killed from 1972-76. To provide uniformity within the table, these figures

were divided by 5 years to show an average by year.
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in  Fourth Object ive)  for  use in locat ing stands most  in  need of
thinning. Maps and photos were then transferred to the indi-
vidual county offices for use by Virginia Division of Forestry
WW, industry, and consulting foresters  working in those
count ies .

Second  Object ive

The second objective was to lcase  and demonstrate four
promising, new pieces of equipment suitable for selcctivc
thinning in  young pine  s tands  and planta t ions .

The Division arranged h-month equipment leases in cooperu-
tion with Chesapeake Corporation who secured reliable opera-
tors to evaluate the equipment’s usefulness.  We also con-
ducted t ime/production evaluations on several  of these pieces
of equipment, which showed the MOK-BELL@  Logger and
the CASE UNILOADER<”  to he economical and effective in
harvesting selectively thinned pine pulpwood.2  Equipment
demonstrated was: 1) Fanni winch, 2) MOR-BELL Logger,
3) MOR-BELL Shear, and 4) CASE UNILOADER 1845.
During the lease period,  numerous pulpwood yard operators,
pulpwood crew supervisors,  and industry foresters observed
the equipment in field operations. All of the equipment dem-
onstrated was sold to operators in Virginia and currently is
being used for thinning.

Third Object ive

The third objective was to arrange for equipment  demon..
strat ions.  A 2-day  working equipment  demonstrat ion was held
in Essex County, VA, September 29-30, 1981. Fifteen pieces
of logging equipment applicable IO  thinning operations were
demonstrated. A total of 85 persons including consultants,
industry, and Virginia Forestry Division foresters attended.
A second, smaller, demonstration of the CASE UNILOADER
was conducted over a 2-day period  in the summer of 1982
with the cooperation of the Utilization Branch,  VDF.

Fourth Object ive

The project’s fourth ob~jective  was to  contract  with consul t -
ing foresters  to demonstrate the value of  thinning in reducing
future beetle outbreaks.

Contracts were made (by competitive  bids) to thin 150
acres on private land in each of f ive southern Piedmont coun-
ties (Lunenburg, Halifax, Prince Edward, Louisa, and Meck-
lenburg). The consultant marked the stands for their first
thinning, arranged for contractors (if requested), and super-
vised the cut t ing.  A 30-acre  l im i t  per  landowner was imposed.
Twelve roadside s igns cal l ing at tent ion to the thinning designed
to reduce beetle damage were erected. Thinning operations
have been completed on 90 percent of the selected tracts in
the five counties; inspections have  been conducted on 75
percent of the thinned tracts to date and will be completed in
1985.

2 Grimm, P h i l .  C o s t  a n d  p r o d u c t i o n  r e p o r t  o n  s m a l l  m e c h a n i c a l  t h i n -
ning equipment. [flep.  dated September I( 19821.  5 p.

Fifth Object ive

The f if th object ive was to revise Division thinning publica-
t ions  and publ ish  th inning guidel ines .

A thorough review of VDF recommendations for thinning
pine stands was completed, with some modifications and
addit ions.  A thinning pamphlet  (5,000 copies)  was developed
and printed.

Sixth Object ive

The sixth pro.ject  objective was to determine ownership of
pine stands in need of  harvest  or  thinning,  contact  the involved
landowners, apprise them of the high-hazard nature of these
stands, and urge proper management.

Consequently, the Division mailed 50 letters to landown-
ers of high-hazard stands in both Mecklenburg and Lunenburg
Counties. Response was well above that expected: 45 to 50
responses per county were received requesting examination
and recommendations. Assistance in servicing the requests
was provided by the Insect and Disease Branch of VDF and
Phil Grimm, Utilization Forester. (Additional letters were not
mailed as anticipated due to lack of personnel to service
responses.)

Seventh Objective

The seventh objective involved contracting with VPI&SU
for a study to determine the economic value of various thin-
ning regimes to reduce bark beetle damage.

This study (Burkhart and others 1984) incorporated the
various available models of beetle populations,  rates of spread,
etc., with a population growth and yield model for Virginia
developed by the VDF and by Dr. Harold Burkhart, VPI&SU.
The results revealed the value of positive returns for all thin-
ning regimes tested to reduce beetle attack over the 45year
rotation on the average to better sites. Values ranged from
$7.55 per acre on an average site at a rotation age of 45 (with
one th inning to  80 ft2 basal area at age 20, at  two beetle spots
per 1,000 acres of host type), to $15.48 per acre where two
thinnings had been done at age 20 to 35 under the same
conditions; the better the site, the greater the gain.

Eighth Object ive

The project’s final objective was to illustrate the effective-
ness of silvicultural control of the southern pine beetle.

The major goal was demonstrating the effectiveness of
pine stand density manipulat ion to reduce beetle damage.  All
stands containing pine (ranging in age from 15 to 60 years)
on a site called the Cole Tract were examined, marked, and
harvested to reduce the basal area to 80 square feet. Periodic
aerial surveys’were  conducted to compare beetle activity on
the treated versus a nearby companion tract where manage-
ment intensity was considerably lower. The results of those
surveys are given in table 2. Beetle activity remained low
until an outbreak occurred in 1983, when the first real occa-
sion arose to evaluate the treatments.

To date, technology transfer has been limited to inclusion
of the information on success in training meetings for VDF



Table 2-Number of SPB  spot infestations on treated (Co/e) and untreated (Walker) tracts in the Virginia Piedmont

F l i g h t  d a t e

7 1 7 9

2/60

0/00

7101

1 2 1 8 3

Number of beetle spots with red-topped trees

C o l e Walker

0 3

1 2

3 1 3

3 (singles) 3 (singles)

0 2 1 ( 1 6 . 3 acres
t o t a l  k i l l )

chief wardens, technicians, and foresters in 1983 and 1984. tural  management of our pine stands in Virginia. A series of
Plans for future information transfer will include a short mag- meetings with forest industry in 1985 helped to present the
azine article for the Virginia Forestry Association. case for better silvicultural management.

INFLUENCE OF DEMONSTRATION PROJECTS
ON VIRGINIA FORESTS

All of the objectives described above were designed to
demonstrate the value of thinning to reduce beetle damage.
Exist ing photo interpretat ion technology was appl ied to  locate
stands in need of thinning and harvest, and efforts to contact
landowners with problem stands were instituted. The demon-
strat ion and evaluation of promising new equipment for  selec-
t ive thinning provided pulpwood producers a chance to view,
observe,  and evaluate.  Thinning demonstrat ions on the State
Forest and on private land in five Piedmont counties will
provide a long-term testimony to the value of intermediate
cuts in pine management. Consulting foresters under contract
with the Division experienced f irs thand the value of  thinning.
A bulletin on thinning benefits was widely distributed.

Publicat ions generated by the projects  included:  “Evaluation
of Thinning for Reduction of Losses from Southern Pine
Beetle in Loblolly Pine Stands,” by Burkhart and others
1985, submitted to Southern Journal of Applied Forestry
(pending acceptance); “Thin Your Pines-It’s Good Busi-
ness” (a pamphlet), published by the Virginia Division of
Forestry, 1983; “Identification of High-Hazard Stands for
Control Measures of Southern Pine Beetle,” by Smith and
others 1981 (Remote Sensing Research Report 81-2, 14
P.).

LITERATURE CITED

The results of the Demonstration Project provided addi-
tional  information to support  our  arguments for  bet ter  silvicul-

Burkhart, H. E.; Haney, H. L.,  Jr.; Newberry, J. D.; Morris,
C. L.; Reed, D. D. Evaluation of thinning for reduction of
losses from southern pine beetle in loblolly pine stands.
Southern Journal of Applied Forestry; 1985. [In press].
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III. SUMMARY AND CONCLUSIONS
Technology transfer was a focal point of the Integrated

Pest Management Research, Development and Applications
Program for  Bark Beetles  of  Southern Pines from the inception
of the Program in 1980. The primary function of this activity
was to develop, package, and transfer information in various
forms to a diversity of users. To accomplish this, it was
necessary to describe the information that  would be transferred,
to identify the audience(s) ,  to determine what would be accom-
plished by providing the information,  to organize an approach
to transferring the technology, to determine the best  way(s) to
communicate the information, and to evaluate the outcome of
the transfer effort.

To reach a broad and diverse spectrum of landowners and
managers in 13 southern States required that the IPM Pro-
gram and Southern Region specialists work through recog-
nized regional or local  forestry organizations and associations
with established communications networks. Primary transfer
agents included State and Private forestry staffs, State for-
estry organizations, Extension specialists, and larger indus-
trial  and forestry associat ion organizations engaged in broad-
scale pest  control  activi t ies.  Representatives from these groups
were continually involved in the planning and execution of
work at the Program or project level  throughout the life of the
Program, and were in large part  responsible for the success of
its technology transfer efforts. Researchers engaged in more
applied studies also contributed to this  effort .  The close work-
ing relat ionships among these diverse groups and individuals
produced new ideas, made researchers aware of operational
constraints ,  and assured that  many end products would be of
direct use to the ultimate consumers.

Projects to demonstrate improved technologies and “best
management practices” were found to be a very effective
means for transferring new information to forest industry,
National Forests, consultants, and private nonindustrial
landowners. By evaluating the results of technology transfer
and providing feedback to the developers on a continuing
basis, it was assured that the new technology would be more
readily understood and accepted by i ts  f inal  users.  This evalua-
tion procedure covered not only the process (how things were
done) but  also the products  ( information and del ivery systems)
and the consequences (impact) of the transfer efforts.

Feedback on the demonstrat ion project  approach to technol-
ogy transfer was very positive. Improved, standardized
approaches to detection, evaluation, prevention, prediction,
and suppression were implemented by many organizations.
Procedures were validated under operational conditions or
improved for field application as a result of user feedback.
Each organization involved shared the results within its own
organization and with others with whom they customarily
worked. This approach reached the greatest numbers of peo-
ple and utilized the most qualified transfer agents. It also
offered the opportunity for the ultimate user to get involved,
provided a means for foresters and landowners (working hand-
in-hand with special ists)  to observe and discover the applica-
tion of new technology on their own land, and to work on
their own problems within the limits of their own manage-
ment objective(s) and forest and economic conditions.
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IV. APPENDIXES
APPENDlX I-SCIENTIFIC NAMES OF SPECIES MENTIONED

IN THIS PUBLICATION
Insect species

B l a c k  t u r p e n t i n e  b e e t l e
Ips  engraver beetles

P a l e s  w e e v i l
S o u t h e r n  p i n e  b e e t l e

Disease  species

Annosus root rot
Fusiform rust

L i t t l e l e a f  d i s e a s e
Pitch canker

Tree species

S l a s h  p i n e
Loblolly
S h o r t l e a f

Other organlsms

B l u e  s t a i n
C o m p e t i t i v e  f u n g u s

Dendroctonus terebrans (Oliv.)
/ps  avulsus (Eichh.)
lps grandicollis  (Eichh.)
lps calligraphus (Germ.)
f-fylobius  pales (Herbst)
D e n d r o c t o n u s  f r o n t a l i s  Z i m m .

Heterobasidion annosum (Fr.) Bref.
Cronartium quercuum (Eterk.)  Miy. ex  Shirai f.

sp. fusiforme
Phytophthora cinnamomi Rands
Fusarium moniliforme Sheld.  var. subglutinans

Wollenw.  and Reink.

Pinus  elliottii  Engelm. var. elliottii
Pinus  taeda L.
Pinus  e c h i n a t a  M i l l .

Ceratocystis minor Hedge.  (Hunt)
P h l e b i a  g i g a n t e a
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APPENDIX II-TECHNOLOGY TRANSFER GOALS, OUTPUTS,
AND PARTICIPANTS DURING THE IPM PROGRAM, 1981-85

Item  l-- Targets and outputs of the Intagrated Pest Management Program for Bark Beet/es of Southern Pines

Targets outputs

Methods for measuring and predicting
impacts for making control decisions.

Procedures for measuring bark beetle
and disease impacts.

Procedures for predicting bark beetle
and disease impacts.

Models for southern pine beetle (SPB),
fusiform rust, and annosus root rot
i m p a c t s .

- .,._-..  --_-  .-  .--  ----.---_-

Increased utrlizatron  of beetle-
k i l l e d  trmber.

- - - - -

B e n e f i t / c o s t s  o f  m a n a g e m e n t
strategies.

S a w m i l l  d e c i s i o n  m o d e l .

F i e l d  p r o c e d u r e s  f o r  d e t e r m i n i n g
u t i l i z a t i o n  p o t e n t i a l  o f  beette-
k i l l e d  t i m b e r .

M e a s u r e m e n t  a n d  r o l e s  o f  b i o l o g i c a l
and enuironmenlal  factors affecting
b e e t l e  p o p u l a t i o n s .

S a m p l i n g  t e c h n i q u e s  f o r  S P B  ( i n
standing trees) and Ips populations
( i n  s t a n d i n g  t r e e s  a n d  l o g g i n g
r e s i d u e ) .

Description of beetle, fungal,  and
m i c r o e n v i r o n m e n t a l  i n t e r a c t i o n s ,

_.__-..-.-..-_-.--  _.___

Methods for measuring and predicting i d e n t i f i c a t i o n  o f  h o s t  a n d  environ-
host susceptibility to beetle attack. m e n t a l  c o n d i t i o n s  f a v o r i n g  b e e t l e

a t t a c k  a n d  b r o o d  d e v e l o p m e n t .

M o d e l s  f o r  d e s c r i b i n g  a n d  p r e d i c t i n g
host susceptibility to beetle attack.

Suppression and prevention tactics
for bark beetles.

M a n a g e m e n t  g u i d e l i n e s  t o  r e d u c e  p e s t
losses in natural and planted stands.

I d e n t i f i c a t i o n  o f  h a r v e s t i n g  a n d
t h i n n i n g  p r a c t i c e s  c o n t r i b u t i n g  t o
bark beetle- and tree pathogen-caused
losses.

B a r k  b e e t l e  b e h a v i o r a l  c h e m i c a l
( a t t r a c t a n t )  f o r m u l a t i o n s  a n d
d e p l o y m e n t  s t r a t e g i e s .

Registration of DursbaW  and/or
Sumithion”  for Ips spp. and/or black
t u r p e n t i n e  b e e t l e  c o n t r o l .

Determinations of efficacy and safety
o f  a d d i t i o n a l  c h e m i c a l s  f o r  b a r k
b e e t l e  c o n t r o l .

D e v e l o p m e n t  a n d  i n c o r p o r a t i o n  o f
pest management strategies into
forest management programs.

D e v e l o p m e n t  o f  p e s t  m a n a g e m e n t
systems for SPB-lps complex.

P e s t  m a n a g e m e n t  a p p r o a c h e s  i n c o r p o r a t e d
i n t o  f o r e s t  m a n a g e m e n t  p r o g r a m s .



Item 2- ~~M:/JrJOkJ!ly  transfer toems  formed during ESPBRAP and IPM Programs

T e a m  l e a d e r  a n d
a f f i l i a t i o n

--.
P r o g r a m

i n v o l v e m e n t

S i l v i c u l t u r a l  p r a c t i c e : ;  a n d
stand-rating systems

Roger P. Belanger
USDA Forest Service
Southeastern Forest
E x p e r i m e n t  S t a t i o n

E S P B R A P

R o g e r  D e n n i n g t o n
USDA Forest Service
S o u t h e r n  R e g i o n

I P M

Guideltnes  f o r  u t i l i z i n g
b e e t l e - k i l l e d  t i m b e r

Robert F. Westbrook
USDA Forest Service
S o u t h e r n  R e g i o n

E S P B R A P

S o c i o e c o n o m i c  g u i d e l i n e s Joseph Lewis
USDA Forest Service
S o u t h e r n  R e g i o n

E S P B R A P

New insecticides and improved
spray systems

John W. Taylor
USDA Forest Service
S o u t h e r n  R e g i o n

E S P B R A P

S a m p l i n g  m e t h o d s  a n d
p r e d i c t i v e  m o d e l s

A e r i a l  s u r v e y  a n d  n a v i g a t i o n
systems

F r e d  M .  S t e p h e n
University of Arkansas

J. G.  Denny Ward
USDA Forest Service
S o u t h e r n  R e g i o n

E S P B R A P

E S P B R A P

Behavroral  chemicals Thomas L. Payne
Texas A&M University

E S P B R A P

Host/pest interacttons T.  Evan Nebeker
Mississippi State University

I P M

I n t e g r a t e d  p e s t  m a n a g e m e n t
strategies-decision support
system

Robert N. Coulson
Texas A&M Urtiversity

E S P B R A P

----_-  ~-_.--”  .._,_  -. __.___  -___.  _

Michael D.  Connor
USDA Forest Service
S o u t h e r n  R e g i o n

l.-

I P M
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Item S-Approaches for preparation, packaging, and delivety of written and audiovisual materials

A,  ESPBRAPIIPM  Program-supported communications

1 .  USDA Agriculture Handbooks, Technical Bulletins, and Agriculture Information Bulletins,

2. USDA Forest Service General Technical Reports and special reports.

3. Feature articles in professional and trade magazines.

4. Training/education aids: slide-tapes, management guidelines, portable displays, hands-on microcomputer
demonstrations, training sessions for Federal and State pest management specialists,

5.  Program newsletters

El.  Investigator-generated communications

1 .  Technical or semipopular articles in domestic and foreign journals, government publication series, university
series, and industry or association magazines.

2. Computerized information on mainframes, minicomputers and microcomputers.

3 . Training/awareness workshops for Federal, State, industry, nonindustrial landowners and managers, and consul-
tan ts .

4. Training aids: slide-tapes, movies, videotapes, public service announcements.

5. Fact sheets, leaflets, and circulars.

6. Project newsletters (Texas Forest Service Spotlight on Southern Pine Beetle; Clemson University Integrated
Pest Management Newsletter).

7. Portable displays.

C. Communications through other organizations

1 .  Feature articles in professional and trade magazines.

2. Presentations at regional, national, and international symposia, work conferences, and meetings.

3. Sale of slide-tapes through SOUTHFORNET.

4 . Highlight statements in professional society (Entomological Society of America, Society of American Foresters),
association, Cooperative Extension Service, and Forest Service newsletters.

5. Participation in continuing education courses at universities.

6. Sale of videotapes through Mississippi State Cooperative Extension Service.
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Item 4-Expanded Southern Pine Beetle R&D Program, Integrated Pest Management RD&A Program, USDA Forest Service, Southern Region,
and State forestry organization publications and audiovisual aids

-

-

- -

S e r i e s ,  t i t l e ,  a n d  p u b l i c a t i o n  y e a r
--_ll__ll-l_.l-

S e r i e s  n o .

USDA Agriculture Handbooks

S o u t h e r n  P i n e  B e e t l e s  C a n  K i l l  Y o u r  O r n a m e n t a l  P i n e  ( 1  O/78;  r e p r i n t e d  1 9 8 0 )

A Mill Operator’s Guide to Profit on Beetle-Killed Southern Pine (4/79)

A Field Guide for Ground Checking SPB Spots (1 l/79;  reprinted 7180,  8183)

An Aerial Observer’s Guide to Recognizing and Reporting SPB Spots (4/80)

How to Identify Common Insect Associates of the SPB (7/80;  reprinted 10/81)

Woodpeckers and the SPB (7/80;  reprinted)

Loran-C Radio Navigation Systems as an Aid to SPB Surveys (1  l /80)

A Guide for Using Beetle-Killed Pine Based on Tree Appearance (3/81)

Direct Control Methods for the SPB (3181;  reprinted 8/83)

Silviculture  Can Reduce Losses from the SPB (12/80)

HOW to Interpret Radiographs of Bark Samples from Beetle-Infested Pines (3181)

HOW to  Conduct a SPB Aerial Detection Survey (6/84)

I d e n t i f i c a t i o n  a n d  B i o l o g y  o f  S o u t h e r n  P i n e  B a r k  B e e t l e s  ( 3 1 8 5 )

Rating the Susceptibility of Stands to SPB Attack (4/85)

Distinguishing lmmatures of Insect Associates of Southern Pine Bark Beetles (12/85)

SAMTAM-A Guide to Sawmill Profitability for Green and Beetle-Killed Timber (In press)

Managing Piedmont Forests to Reduce Losses From the Littleleaf Disease-Southern Pine Beetle
Complex (In press)

Integrated Pest Management in  Southern Pine Forests (In press)

Use of an Attractant to Disrupt SPB Spot Growth (In preparation)

USDA Forest Service Technical EWetins and General Technical Reports

Site, Stand and Host Characteristics of SPB Infestations (1981)

E v a l u a t i n g  C o n t r o l  T a c t i c s  f o r  S P B  ( 1 1 1 7 9 )

M o d e l i n g  S P B  P o p u l a t i o n s  ( 1  l /80)

T h e  S o u t h e r n  P i n e  B e e t l e  ( 1  O/80)

Field and Laboratory Evaluations of Insecticides for SPB Control (1 l /81)

U t i l i z a t i o n  o f  B e e t l e - K i l l e d  S o u t h e r n  P i n e  ( 1 2 1 8 5 )

Thinning Practices in Southern Pines-With Pest Management Recommendations (12/85)

Technology Transfer in Integrated Forest Pest Management in the South (12/85)

USDA Agriculture information  Bulletins

S o u t h e r n  P i n e  B e e t l e  P r o g r a m  A c c o m p l i s h m e n t s  R e p o r t  ( 1 1 8 1 )

Integrated Pest Management in the South-Highlights of a 5-Year  Program (1 i /85)

USDA Forest Service Southern Region Forest Pest Management
Technology Update-Southern Pine Beetle Fact Sheets

U s e  o f  b e e t l e - k i l l e d  t i m b e r  f o r  l u m b e r  ( 1 0 1 7 9 )

Use of beetle-killed timber for pulp, plywood, and paneling (10179)

Setting control priorities for the SPB (1 O/79;  reprinted 4/84)

An aerial observer’s guide to recognizing and reporting SPB spots (4180)

I n s e c t i c i d e s  f o r  t h e  S P B  ( 1 0 1 7 9 ;  r e p r i n t e d  3183,  4 1 8 4 )

H&GB  226

AH 555

AH 558

AH 560

AH 563

AH 564

AH 567

AH 572

AH 575

AH 576

AH 577

TFS Circ.  267

AH 634

AH 645

A H  6 4 1

AH 648

AH 649

A H  6 5 0

AH  -

T B  1 6 1 2

T B  1 6 1 3

T B  1 6 3 0

T B  1 6 3 1

G T R  S E - 2 1

GTR WO-47

T B  1 7 0 3

GTR SE-34

A I B  4 3 8

A I B  4 9 1



--.- ^ ..- .----.-.-_-.-- ..-_.---_-. ---.--. ----._.-.-.----.-_-_
Series title, and publication year Series No.

~-. ______-._-.. .--_-.----..---  ..---  ____---  __._-  li____ --..-  _--_..I

Woodpeckers can help control the SPB  (580)

PTAEDA:  A loblolly  pine growth model (6180)

F R O N S I M ,  a  c o m p u t e r  p r o g r a m  m o d e l  ( 6 1 8 0 )

Use of behavioral chemicals for SPB suppression-a research update (7/80)

Bating the susceptibility of pine stands to SPE  attack (10/80)

The ESPBRAP site-stand data file (10/80)

L o r a n - C  n a v i g a t i o n  ( 1  a/80)

U s e  o f  b e e t l e - k i l l e d  t i m b e r  f o r  p a r t i c l e b o a r d  a n d  h a r d b o a r d  ( 1 2 1 8 0 )

TBAP-Timber benefits analysis program (12/80)

S a l v a g e  r e m o v a l  ( 1  i81)

Cut-and-leave (1181)

Chemical control (i/81 ; reprinted 2/84)

P i l e - a n d - b u r n  (l/81 ; r e p r i n t e d  7 1 8 4 )

A method for assessing the impact of SPB damage on esthetic values (5181)

Economic impact of the SPB on recreation-one approach (5181)

Silviculture:  A means of preventing losses from the SPB (6181;  reprinted 4/84)

Setting control priorities using emergence: attack ratios-a research update (9/81)

DAMBUGS-A case study (S/81)

Buffer strip (5/82;  reprinted 7/84)

U t i l i z a t i o n  o f  b e e t l e - k i l l e d  s o u t h e r n  p i n e  b a s e d  o n  t r e e  a p p e a r a n c e  ( 5 1 8 2 )

Use of computer simulation models to predict expected tree mortality and monetary loss from
SPB spots-a research update (1183)

A research update FERRET-the question analysis routine for the SPB decision support system (1183)

T e x a s  h a z a r d - r a t i n g  g u i d e  ( 4 1 8 3 )

A computerized literature retrieval system for the SPE  (5184)

SAMTAM:  S a w m i l l  a n a l y s i s  m o d e l  f o r  g r e e n  a n d  b e e t l e - k i l l e d  s o u t h e r n  p i n e  t i m b e r  ( 2 1 8 5 )

U t i l i z a t i o n  g u i d e s  f o r  g r e e n  a n d  b e e t l e - k i l l e d  t i m b e r  ( S u b m i t t e d  6 1 8 3 )

CLEMBEETLE’

TAMBEETLE

TFS spot growth*

Arkansas SPB’

PIEDMONT RISK*

SPE  COMP*

Fusiform rust yield--slash*

BY-ANNOSUS

SPB decision support system*

MS Hazard 0 ’

NF RISK’

TfS  GRID HAZARD*

AR HAZARD*

MOUNTAIN RISK’

IPM Decision Key’

6

7

8

9

IO

1 1

1 2

1 3

1 4

1 5

1 6

1 7

1 8

1 9

2 0

2 1

2 2

2 3

2 4

2 5

2 6

2 7

2 8

2 9

3 0

7 4
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-

Aerial GA

l_----l--.--_ll_ . ---
S e r i e s ,  t i t l e ,  a n d  p u b l i c a t i o n  y e a r Series No.

- - - - - - .-..-  -,..- 1-- -.--l-l

Borax for annosus prevention*

Estimating the severity of annosus root rot in loblolly  pine stands*

S l i d e - t a p e s

The biology and identification of the SPE.  (46 slides, 7-minute tape)

Insects associated with the SPB.  (79 slides, 14-minute  tape)

B u i l d i n g  a m o n g  t h e  p i n e s .  ( 1 2 1  s l i d e s ,  1  g - m i n u t e  t a p e )

Control methods for the SPB. (80 slides, 16-minute  tape)

Silviculture can reduce SPE  losses. (65 slides, S-minute tape)

Chemical control of SPB  (50  slides, g-minute tape)

Applying integrated pest management in southern forests, (80 slides, 14~mint.M  tape)

Fusiform rust (In  preparation)

Annosus root rot: management strategies to minimize damage (In preparation)

L.ittleleaf  management strategies (In preparation)

P o r t a b l e  d i s p l a y s

Hazard rating for SPB,  annosus root rot, fusiform rust, and littleleaf disease

Uilization  of beetle-killed wood

Integrated forest pest management

P r o f e s s i o n a l  j o u r n a l  a r t i c l e s

The Southern Lumberman (Applefield 1983; Westbrook and others 1981)

Southern Journal of Applied Forestry (Thatcher and others 1982)

Forest Farmer (Belanger and others 1983; Thatcher 1984, 1985)

The Consultant (Hertel  and others 1983)

Forests and People (Branham  1984; Branham  and Nettleton 1985)

* All of these fact sheets were submitted in 1984 or/ 1985 and will have been issued by the time this publication goes to press.
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Item 5-Models  used in training pest management specialists in predicting southern pine beet/e and disease trends, tree mortality, and economic
l o s s e s

M o d e l s

_-
Purpose

Hazard rating

TFS Grid Hazard

AR Hazard

MS Hazard B

T X  H a z a r d

NF Risk

P i e d m o n t  Ftisk

Mountain Risk

To rate susceptibility of Texas Forest Service 16,000-acre  grid blocks to SPB infestation.

To estimate relative susceptibility of Arkansas pine stands to SPB attack.

To determine the relative hazard of timber stands to SPB attack in Mississippi and Alabama

To rate relative susceptibility of pine stands to SPB attack and timber loss in Gulf Coastal Plain.

To rate relative risk of pine stands to SPB attack on National Forests in the South.

To determine the risk of natural stands suffering loss due to SPB attack in the Piedmont.

To evaluate forest stands in the southern Appalachians for susceptibility to SPB infestation.

Trend models

S P B  C o m p

A e r i a l  G A

Southeast Surveil

S o u t h e a s t  P r e d i c t

Spot growth models

T A M B E E T L E

Arkansas SPB

TFS Spot Growth

E I A  R a t i o T o  p r e d i c t  t h e  r e l a t i v e  i n c r e a s e  i n  n u m b e r  o f  S P B - i n f e s t e d  t r e e s  o n  a  s p o t - b y - s p o t  b a s i s  d u r i n g  n e x t  3  t o  6  m o n t h s .

Management simulation

C L E M B E E T L E

I T E M S  ( I n t e g r a t e d
T i m b e r / E c o n o m i c s
M a n a g e m e n t  S i m u l a t o r )

Management information and
decision support systems

To predict a change in SPB-infested area from the previous year for specified multicounty climatic districts.

To predict the number of SPB spots per acre in a given year for the Piedmont of Georgia.

To project the percentage of the southeastern U.S. with SPB activity in current year based upon SPB activity
in a subsample of the region.

To predict SPB infestation coverage over the Southeast for next year based upon SPB activity in the current
year in a subsample of the region.

To predict short-term (30 to 90 days) growth potential of existing SPB spots, tree mortality, and economic losses
in currently infested planted and natural stands.

To predict short-term (30 to 90 days) SPB population growth, tree mortality, and economic loss in currently in-
fested loblolly and/or shortleaf pine stands.

To predict tree mortality and economic losses caused by SPB infestations over next 30 days during summer
m o n t h s .

To simulate the probability of spot occurrence and expected loss caused by SPB in single or multiple loblolly or
shortleaf pine stands for periods as short as a year or as long as a rotation.

To simulate the performance of one or more pine stands under varied management regimes and levels of SPB
activity over a period of years.

SPB Decision Support System T o  h e l p  f o r e s t  a n d  p e s t  m a n a g e r s  a n a l y z e  q u e s t i o n s  r e g a r d i n g  s o u t h e r n  f o r e s t  a n d  S P B  p e s t  m a n a g e m e n t  a n d  t o
p r o v i d e  t h e  l a t e s t  t e c h n o l o g y  a v a i l a b l e  f o r  m a n a g e m e n t  d e c i s i o n m a k i n g .

I P M - D K  ( I n t e g r a t e d
P e s t  M a n a g e m e n !
D e c i s i o n  K e y )

T o  p r o v i d e  a  l i s t i n g  o f  c u r r e n t l y  r e c o m m e n d e d  m a n a g e m e n t  o p t i o n s  f o r  p r e v e n t i n g  o r  r e d u c i n g  l o s s e s  c a u s e d  b y
insects and diseases in a variety of management situations.

S P B E E P  ( S o u t h e r n
P i n e  B e e t l e  E c o n o m i c
E v a l u a t i o n  P r o c e d u r e )

Fusiform Rust Yield--
S l a s h

S t u m p  T r e a t m e n t  w i t h
B o r a x

A  c o m p u t e r i z e d  p r o c e d u r e  f o r  a n a l y z i n g  t h e  e c o n o m i c  b e n e f i t s  a n d  c o s t s  a s s o c i a t e d  w i t h  S P B  c o n t r o l  p r o j e c t s  in-
v o l v i n g  s a l v a g e  r e m o v a l .

To predict yields by diameter class at rotation age from unthinned slash pine plantations infected with fusiform
rust.

To provide an economic analysis of the use of borax stump treatment during thinning of pine stands on high-
hazard annosus root rot sites.
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APPENDIX ill-IPM PROGRAM APPLICATIONS PLAN

Title: Forest management strategies for preventing or reducing beetle- and pathogen-caused losses: silvicultural treat-
ment of planted stands in the Atlantic Coastal Plain.

I n v e s t i g a t o r s :  Ft.  P .  Belanger,  P r i n c i p a l  S i l v i c u l t u r i s t ,  T .  M i l l e r ,  P r o j e c t  L e a d e r ,  Ft.  S .  W e b b ,  A s s i s t a n t  P r o f e s s o r ,  a n d  J .  F .
Godbee,  Project Leader, Pest Management,

Performing Organizations: Southeastern Forest Experiment Station, Athens, GA; University of Florida, Gainesville, FL;

1. Message:

2 . A u d i e n c e .

3. O b j e c t i v e :

4 . T e a m :

5 . M e d i a :

6 . E v a l u a t i o n :

and Union Camp Corporation, Rincon,  GA.

Maintaining healthy stands is the key to effective forest pest management. Guidelines are presented
that describe stand, site, and individual tree characteristics that are associated with stands highly su-
sceptible to beetle- and pathogen-caused losses. SPB, Ips spp., BTB, fusiform rust, and annosus root
rot are the major pests covered. Cultural treatments are recommended that will reduce losses from
these pests.

Forest managers, foresters, researchers, pest management specialists, and service and “linker”
o r g a n i z a t i o n s .

The incorporation of pest prevention strategies into forest management planning and practice.

Silvicultural practices and stand-rating systems TT team.

Scientific publications, compendia, how-to handbooks, fact sheets, field demonstrations, slide-tape
presentations, workshops, and symposia.

The effectiveness of technology transfer will be evaluated by determining:

a.  Number of management plans that contain new technology.
b. Number of acres rated for susceptibility to attack by insects and diseases.
c. Number of acres treated to reduce losses from insects and diseases.
d. Biological and economic gains from implementation of pest management strategies

7. ldentifyrng  additional research needs: Implementation of integrated pest management strategies in operational re-
source management is in its infancy. The researcher, technology transfer specialist, and user must
m a k e  a n  e f f o r t  t o  r e c o g n i z e  a n d  c o m m u n i c a t e  a d d i t i o n a l  r e s e a r c h  a n d  a p p l i c a t i o n s  n e e d e d  t o  r e d u c e
losses from insects and diseases.




